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Chapter 18 

Studying Neanderthal Fire Struetures from Crvena Stijena 
Ramiro J. Mareh, Rohert Whallon, Mike W. Morley 


Introduction 

The site of Crvena Stijena offers an extraordi- 
nary opportunity to study a very long sequence of 
Neanderthal oeeupations where the traees of fire 
are well preserved. ln this sense, Crvena Stijena 
could be included in the short list of Lower and 
Middle Paleolithie sites with features eontaining 
abundant ash and ehareoal and exhibiting a sub- 
strate of reddened sediment (Sehiegl et al. 1996; 
Mallol et al. 2013) in the Mediterranean area 
sueh as Kehara, Hayonim, L’Ahrie Romani, and 
E1 Salt (Meignen et al. 1989; Mereier et al. 1995; 
Stiner et al. 1995; Meignen et al. 2001; Alhert et 
al. 2003; Mareh et al. 2008; Sistiaga et al. 2011; 
Courty et al. 2012; Mareh et al. 2014). 

The analysis of aneient fire struetures is 
closely related to the analysis of the history of 
human soeial hehavior. The use of fire radically 
changed human adapti ve strategies and provoked 
ehanges in soeial organization that may be re- 
flected in arehaeologieal contexts (Hough 1926; 
Perles 1977; Clark and Harris 1985; Goudsblom 
1992; Bar Yosef et al. 1996; Pine 2001; Mareh, 
2002; Wrangham, 2009). The analysis of aneient 
fire struetures could thus eontrihute to a hetter 
understanding of Paleolithie history (Bellomo 
1994; Weiner et al. 1998; James 1989, 1996; 
Mareh, 2001; Mareh et al. 2006; Roehroeks and 
Villa 2011) and particularly Neanderthal soeial 
hehavior. 

As hunter-gatherers, Neanderthal groups 
generated different kinds of arehaeologieal eon- 
texts including the frequent oeeupation of roek 
shelters and eaves. These kinds ofcontexts seem 
to preserve many different oeeupations where 
the use of fire is attested, which ean eontrihute 
to an improved understanding of Neanderthal 
eamps and their organization. As fire played a 
eentral plaee in hunter-gatherer eamps and ae- 
tivities, its localization could aid in inferring the 


organization of activity areas and in estahlishing 
relations and eonneetions with other debris, sueh 
as that related to artifaet production, eooking, and 
food-processing aetivities, or different kinds of 
waste management (Leroi-Gourhan and Brezillon 
1972; Yellen 1977; Binford 1978, 1983, 1996; 
Otte, 2012). The analysis of different oeeupations 
requires that we be able to differentiate the dif- 
ferent kinds of fire struetures, to understand the 
stratigraphie sequence, and to separate and define 
the spatial organization of different oeeupation 
levels (Vaquero and Pasto 2001; Henry et al. 
2004; Speth 2006; Sandgathe et al. 2001; Henry 
2012; Sorensen 2017). This is erueial if we want 
to discuss with solid arguments whether the spatial 
organizationofNeanderthal groups andbehavior 
refleets their soeial organization and allows us to 
understand their degree of complexity. 

Fire-related aetivities ean be inferred from 
the presenee of ashes, ehareoal, hurnt hones, 
stones, and soils, and even from organie matter. 
The multiple eomhinations and struetures ofthese 
elements ean be indicative of different kinds of 
fire struetures, from fireplaees themselves to areas 
of evaeuation of eomhustion debris (Courty et al. 
2012; Goldberg et al. 2012; James 1989; Mareh 
et al. 2006, Mareh, Dumar?ay and Lucquin 2006; 
Mareh et al. 2014; Mareh, 2014; Stiner et al. 
1995; Sehiegl et al. 1996; Thery-Parisot 2001, 
2002; Shahaek-Gross et al. 2014; Vidal-Matutano, 
2016). 

At Crvena Stijena, fire struetures are reeur- 
rent in different layers, showing ehanges of size, 
position, and internal sequences, which indicate 
ehanges in the form and intensity of use of eaeh 
fire strueture andofthe shelterhahitat. The activity 
related to fire is so intense in some eases that the 
remains of these aetivities are one of the most 
important eomponents of the anthropie layers of 
sediments deposited at the site (Morley, Chapter 7, 
this volume). At the same time, Grvena Stijena 
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like many Neanderthal sites shows a dominance 
of flat fire struetures, that were lit directly on the 
soil without any arrangement, except the position 
of wood at the moment when these fires were in 
use. This uniformity in form is aehallenge forthe 
understanding of their different funetions, but a 
detailed description and analysis of their forms 
and their eonstituents ean help us to understand 
their nature, their mode of funetioning, and their 
role in Neanderthal soeial life. For these data it is 
necessary to identify the nature of these different 
kinds of fire struetures, which ean vary from 
hearths to fire residue deposits, which also ean 
ehange in their eharaeteristies, from very well 
preserved ash aeeumulations to layers that eontain 
mostly eomhustion residues or thermally altered 
debris. The degree of resolution that we ean reaeh 
is closely related to our capacity to disentangle 
the palimpsest of oeeupations that was created by 
the formation proeesses of the anthropie layers 
in Crvena Stijena. 

As with other aspeets ofN eanderthal behavior, 
the study ofNeanderthal fire struetures at Crvena 
Stijena involves many ehallenges. First at all, the 
study is conditioned by the real conditions of the 
site today where the fire struetures from the Middle 
Paleolithie are only accessible from the profiles 
that earlier excavations left in plaee in the rear 
portion of the shelter. But at the same time these 
profiles sho w many interesting superpositions that 
ehange in form and distribution within a single 
layer, and also between different layers, and ean 
give us a possible indication of the formation 
proeesses, (natural or anthropie) that contributed 
to their arehaeologieal state. 

We here apply a descriptive, analytical and 
experimental approaeh that combines different 
analytical techniques to reveal the nature and 
the possible funetions of different kinds of fire 
struetures found here. This approaeh combines 
the analytical characterization of the elemental 
eonstituents of eaeh layer by X-ray fluoreseenee 
and X-ray diffraction (XRD), an organie chemistry 
characterization that combines the mieromorpho- 
logieal and geologieal analyses developed by 
Morley and an experimental approaeh that ean 
lead us to better interpret the different kinds of 
fire struetures found at Crvena Stijena. Finally, 
this overall approaeh was combined with an 
analytical study of the stratigraphie sequences 
of fire struetures to try to understand some of the 
eharaeteristies of the Crvena Stijena sequence and 


of Neanderthal spatial organization as well as 
possible, given the limitations of working entirely 
from arehaeologieal profiles. 

The Crvena Stijena profiles presented many 
different layers, from we have ehosen to study 
two as good examples of intensive Neanderthal 
oeeupation: layer XX (classified by Basler as 
“Mousterian with Triangular Points”) and layer 
XXIV (identified by Basler as simply Mousteri- 
an), and a third one, layer XXIII, considered as 
sterile in terms of Neanderthal hearths (Morley, 
Chapter 7, this volume) which is studied here for 
eomparative purposes. 

Fire struetures: From a Descriptive 
Analysis to a Dynamie View of 
Neanderthal Soeial Spaee Eehavior 

Layer XX (Mousterian with Triangular 
Points) 

As described by Morley (Chapter 7, this 
volume), layer XX is made up of a sequence 
of anthropie layers that eontain predominately 
fine-grained material with oeeasional medium 
gravel and whose eolor is mainly 10 YR 3/2 to 
2/2, brownishblack. Moderate quantities ofbone 
were observed throughout most of the layer, and 
moderate to abundant amounts of ehareoal were 
detected. Carbonates are also present, showing 
values with a distinctive up-profile inerease from 
16.1 % at the base to 57.4 % about two-thirds 
of the way up, before dropping back to 40.5 %. 
Quantities of organie matter vary from 15.6 % at 
the base of the layer to a low of 3.2% at the point 
of maximum carbonate eontent. All these values 
indicate a high anthropization of the entire layer 
(see also Morley, Chapter 7, this volume). 

For our work, we cleaned a 3 m (width) by 0.75 
m (height) surfaee on the E-W profile, between 
4.5 m and 5 m in depth (Figs. 18.1-18.3). The 
photograph of the profile was put in real seale and 
the profile was designed with an architectural/data 
base software that al lo wed us to obtain dimensions 
of the different kinds of layers that were reeog- 
nized at the site. Following geologieal (texture, 
eomposition, eolor) and anthropie (presenee or 
absence of anthropie debris sueh as burnt bones, 
ehareoal, lithie industry) description eriteria and 
Morley’s earlier study, we could identify six kinds 
of layers: ash layers, black layers, grey layers, 
reddish layers, burnt bone layers, and grey soils. 
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Layer XX presents sixteen fire strueture 
“ash” layers, which have different dimensions 
(Fig. 18.2, see also Appendix). The minimum 
width ofthese layers is 8.1 em and the maximum 

Broad aggradation phases at Crvena Stijena and Geoehroniologieal eontrol (M Morley 2014) 

Deplh bck>w 
dalum (m) 

(dcp)hs in hmekels rcl.Dc 



is 183.5 em. Their maximum thieleness varies 
between 0.7 and 6.4 em and their area between 
5.96 and 534.13 sq em (Tahle 18.1). 

These ash layers are accompanied by a sue- 


Fig. 18.1. General plan ofprofiles of Crvena Stijena and situation of the fire struetures sampled for 
this work (modified from original by M. Morley). 



Fig. 18.2. Layer XX studied profile. 
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eession of 22 black layers that are intercalated 
between or eontain the ash layers. The minimum 
width of these layers is 7.45 em and the maximum 
is 143.5 em. Their thiekness varies between 0.7 
and 8.1 em. Theirheightrangesbetween 1.55 and 
16.5 em (Table 18.1). 

We ean observe also 22 grey layers of minor 
dimensions. The minimum width of these layers 
is 6.4 em and the maximum is 64.2 em. Their 
thiekness varies between 0.5 and 4.2 em and their 
height between 1.39 and 9.09 em (Table 18.2). 

We also observed a limited number of red- 
dish layers that also have small dimensions. The 
minimum width of these layers is 4.2 em and the 
maximum is 57.9 em. Their maximum thiekness 
varies between 0.8 and 1.9 em and their height 
between 1.62 and 14.65 em (Table 18.2). 

At a maero observational level, burnt bones 
in these layers are sometimes in situ and some 
of them seem to be burned by heat transfer from 
above and have multiple or single eolors (white, 
white-grey, grey, black, brown, and light brown) 
eonsistent with the ehanges observed in the eol- 
oration of the surrounding sediment layers and 
with hurning proeesses. These eolors and their 
distribution on bones are related to temperature 
and conditions of exposure of bones to fire as has 
been shown in many previous works (Nieholson 
1993; Stiner et al. 1995; Joly and Mareh 2003; 
Costamagno et al.2005; Mareh et al.2012). 

Finally we observed two other different kinds 


of layers: 15 grey soil layers and 12 burnt bone 
layers. The grey soils, are in general larger than 
the other layers presented above. Their maxi- 
mum thiekness is between 0.60 to 5.10 em with 
a mean of 3.21 em, their height is between 2.55 
and 15.10 em, and their width falls between 11 
and 56 em. These layers are mostly composed of 
fine grey sediments and fragments of ealeareous 
stones. Another eharaeteristie is that they do not 
eontainhones ofgreat size, orburned or carbonized 
bones. 

These latter, layers of burnt bones, are the 
major layers within layer XX, their maximum 
width reaehes 311.4 em, their maximum height 
34.25 em, and their maximum thiekness 28.7 em. 
These layers eontain large quantities of partially 
burnt bones, burned at lower temperatures, as 
seen in their eharaeteristie darkbrown or partially 
black eoloration, and are not necessarily related 
to the in situ fire struetures. These layers seem to 
be the product of anthropie debris that makes up 
the soil surfaees where human oeeupations were 
installed (Table 18.3). 

The vertieal surfaee of the profile zone where 
we identified these layers has an area of 8803.62 
sq em. lnside this area, ash layers occupied 977 
sq em (11%), black layers 1410.30 sqcm (16%) 
grey layers 542.21 sqcm (6.15%) reddish layers 
99.02 sq em (1.12%), burnt bone layers 4787 
sq em (54%) and finally grey soils 988.08 sq em 
( 11 . 22 %). 


Table 18.1. Summary statisties for ash layers and black layers from layer XX of Crvena Stijena. 



Layer XX ash layers Layer XX black iayers 

THICKNESS 

HEIGHT 

WIDTH 

AREA 

sq.cm 

THICKNESS 

HEIGHT 

WIDTH 

AREA 

sq.cm 

N 

16 

16 

16 

16.00 

22 

22 

22 

22 

Min (em) 

0.70 

1.00 

8.10 

5.96 

0.70 

1.55 

7.45 

2.95 

Max (em) 

6.40 

24.75 

183.55 

534.13 

8.10 

16.60 

143.75 

492.24 

Sum 

37.20 

87.69 

529.28 

977.32 

50.90 

125.77 

803.21 

1410.30 

Mean 

2.33 

5.48 

33.08 

61.08 

2.31 

5.72 

36.51 

64.10 

Std. error 

0.39 

1.50 

10.25 

32.02 

0.34 

0.74 

6.68 

22.76 

Varianee 

2.47 

36.08 

1682.35 

16401.83 

2.57 

11.93 

980.35 

11394.75 

Stand. dev 

1.57 

6.01 

41.02 

128.07 

1.60 

3.45 

31.31 

106.75 

Median 

1.65 

3.14 

20.96 

21.13 

1.80 

4.93 

27.91 

26.34 

25 pereentile 

1.33 

2.33 

17.35 

11.71 

1.48 

3.13 

16.74 

12.73 

75 pereentile 

2.98 

5.29 

31.70 

61.97 

2.93 

7.38 

45.88 

65.37 

Skewness 

1.43 

2.60 

3.71 

3.80 

2.58 

1.59 

2.22 

3.42 

Kurtosis 

1.68 

7.24 

14.37 

14.85 

7.94 

3.56 

5.90 

13.10 

Geom. mean 

1.93 

3.85 

24.47 

27.15 

1.98 

4.88 

27.85 

30.15 

Coeff. var 

67.60 

109.60 

123.99 

209.67 

69.29 

60.43 

85.76 

166.52 
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In layerXX, ash layers lie generally on top of 
black layers (45%) orgrey layers (36%) and more 
rarely on other ash layers or reddish ones (both 
9%). In some eases (n = 6) ashes eover different 
kinds of underlying layers, sueh as black/grey 
layers, or grey ashes (Fig. 18.4). 

We must note that in layer XX the hlaek layers 
are generally thieker than the layers of ashes that 
only partially eover them. This seems to indicate 


that these blackened sediments and their eontents 
are not only the result of the aetion of the heat of 
fire struetures but may have a more complex origin. 
They may, for example, be an aeeumulation and 
mixture of anthropie burned debris produced by 
the human oeeupation of the shelter—disturbed 
sediment and debris of aneient oeeupation floors. 
These hlaek layers lie mostly on top of hurnt bone 
layers orgrey layers (33%), but they also eover ash 


Tahle 18.2. Summary statisties for grey layers and reddish layers from layer XX of Crvena Stijena. 



Layer XX grey layers 

Layer XX reddish layers 

THICKNESS 

HEIGHT 

WIDTH 

AREA 

sq.cm 

THICKNESS 

HEIGHT 

WIDTH 

AREA 

sq.cm 

N 

22 

22 

22 

22 

4 

4 

4 

4 

Min (em) 

0.50 

1.39 

6.40 

3.33 

0.80 

1.62 

4.20 

2.91 

Max (em) 

4.20 

9.09 

64.20 

70.08 

1.90 

14.65 

57.98 

80.82 

Sum 

40.00 

92.21 

555.22 

542.21 

4.50 

21.22 

90.70 

99.03 

Mean 

1.82 

4.19 

25.24 

24.65 

1.13 

5.31 

22.67 

24.76 

Std. error 

0.21 

0.51 

2.90 

4.12 

0.26 

3.13 

12.01 

18.72 

Varianee 

0.99 

5.69 

184.95 

373.51 

0.28 

39.10 

576.58 

1401.87 

Stand. dev 

0.99 

2.39 

13.60 

19.33 

0.53 

6.25 

24.01 

37.44 

Median 

1.45 

3.65 

24.30 

19.96 

0.90 

2.48 

14.26 

7.65 

25 pereentile 

1.08 

1.79 

15.10 

7.09 

0.80 

1.73 

6.57 

4.04 

75 pereentile 

2.53 

6.65 

33.51 

32.89 

1.68 

11.71 

47.19 

62.59 

Skewness 

0.87 

0.52 

1.05 

1.15 

1.82 

1.96 

1.76 

1.98 

Kurtosis 

0.04 

-1.01 

1.89 

0.73 

3.29 

3.85 

3.34 

3.93 

Geom. mean 

1.58 

3.54 

21.74 

17.74 

1.05 

3.45 

14.91 

10.83 

Coeff. var 

54.60 

56.94 

53.89 

78.42 

46.68 

117.86 

105.90 

151.23 


Tahle 18.3. Summary statisties for hurnt bone layers and grey soils from layer XX of Crvena Stijena. 



Layer XX burnt bone layers 

Layer XX grey soils 

THICKNESS 

HEIGHT 

WIDTH 

AREA 

sq.cm 

THICKNESS 

HEIGHT 

WIDTH 

AREA 

sq.cm 

N 

12 

12 

12 

12 

15 

15 

15 

15 

Min (em) 

2.50 

4.44 

11.55 

18.08 

0.60 

2.55 

11.00 

8.08 

Max (em) 

28.70 

34.25 

311.45 

2056.97 

5.10 

15.10 

56.10 

219.50 

Sum 

102.90 

200.94 

908.23 

4787.58 

48.10 

103.65 

438.05 

988.09 

Mean 

8.58 

16.75 

75.69 

398.97 

3.21 

6.91 

29.20 

65.87 

Std. error 

2.12 

3.02 

22.74 

159.75 

0.31 

0.92 

3.91 

15.65 

Varianee 

53.70 

109.20 

6206.74 

306249.20 

1.46 

12.74 

229.52 

3673.91 

Stand. dev 

7.33 

10.45 

78.78 

553.40 

1.21 

3.57 

15.15 

60.61 

Median 

6.20 

14.30 

65.10 

273.00 

3.00 

6.40 

22.05 

38.11 

25 pereentile 

3.35 

7.86 

26.56 

66.35 

2.30 

3.80 

16.15 

24.74 

75 pereentile 

11.70 

27.10 

79.06 

419.03 

4.20 

9.70 

44.40 

86.40 

Skewness 

2.06 

0.36 

2.78 

2.82 

-0.37 

0.95 

0.46 

1.52 

Kurtosls 

5.19 

-1.44 

8.76 

8.78 

-0.11 

0.54 

-1.31 

1.86 

Geom. mean 

6.54 

13.51 

53.49 

194.02 

2.91 

6.11 

25.56 

45.05 

Coeff. var 

85.46 

62.41 

104.09 

138.71 

37.63 

51.66 

51.88 

92.02 
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Fig. 18.4. Pereentage distribution of kind of underlying layers for ash, black , grey, reddish layers, 
burnt bone layers, and grey soils. 


layers (17%) or grey soils (10%). ln a few eases 
they eover other black layers (7%), but they do 
not eover any reddish ones. Here, also, in some 
eases (n = 6) black layers eover different kinds 
of underlying layers. 

Grey layers lie generally on top ofblack layers 
(51%) or ash layers (31%) and, in fewer eases, 
grey (10%) or reddish layers (7%). These grey 
layers seem to be closely related to black layers 
and ash layers. Grey layers situated between ash 
and black layers could indicate vertieal migration 
of ashes, representing the formation oftransitional 
layers between the black and ash layers, or the 
thermal alteration of underlying black layers at 
high temperatures. 

Reddish layers, which, as we said before, 
ean be the result of the direct oxidation of soils 
heneath fireplaees, lie on top of black (40%) or 


grey layers (40%), and in one ease an ash layer 

( 20 %). 

Burnt bone layers overlie mostly other burnt 
bone layers (48%), black layers (29%), and grey 
soils (24%), rarely ash layers (5%), and they never 
overlie reddish layers or grey layers. In many 
eases (n = 8) burnt bone layers lie on different 
kinds of layers. 

Grey soils overlie many different kinds of lay- 
ers, principally black layers (30%) or burnt bone 
layers (30%). After these two kinds of layers are 
grey layers (23%) and ash layers (15%). Reddish 
layers are never overlain by grey soils. 

These burnt bone layers and grey soils are the 
only layers on layer XXI. 

As was demonstrated by Morley (Chapter 7, 
this volume), the superposition of ash layers and 
reddish layers indicates the in situ position of 
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aneient fires, while the superposition of ash layers 
could indicate palimpsests of eomhustihle residues 
in an area with no interruption of funetion. As we 
ean see, the superposition of ash layers and reddish 
layers is not a regular phenomenon. Different 
situations could explain these stratigraphie pat- 
terns. For example, we could suppose that in some 
eases the temperatures of fire struetures in Crvena 
Stijena did not reaeh the temperature needed to 
rubify (oxidize) underlying soils. In this ease, the 
underlying sediments would only be blackened. 
If the temperature needed to rubify sediments 
at Crvena Stijena was higher than 500°C, ashes 
could also indicate in situ fire struetures with 
temperatures below 500°C, but still suffieient to 
burn sediments and carbonize their organie eon- 
tent, leading to blackened sediments. However, 
considering that in layer XX ashes lie mostly on 
top of hlaek layers, it is possihle to imagine that 
fires were ignited directly on hlaek layers that 
constituted soils where heat transfer provoked 
thermal ehanges. Given that these hlaek layers 
were composed essentially of organie debris, it is 
elear that their transformation by fire aetion will 
be different from ruhifieation and similar to the 
reaetion of isolated organie matter sueh as hones 
or ehareoal, involving the thermal alteration and 
eomhustion ofearhon. In this ease, the eoloration 
of organie layers will evolve from the natural eolor 
to brown, darkbrown, hlaek, dark grey, grey, and, 
finally, white with inereasing degrees of thermal 
transformation of organie eomponents. 

To evaluate both hypotheses, we made an 
experiment in which sediments from layer XXIII 
and ahlaek layer of layerXX were exposed to eon- 
trolled temperatures (between 100°C to 1000°C) 
in an eleetrie oven for one hour in an oxidizing 
atmosphere (Fig. 18.5). For this experiment, the 
sediments from layer XXIII are considered as 
natural soils of Crvena Stijena. Morley (2007) 
characterized this layer as aeoarse gravel layerthat 
has low levels of organie matter, high eoneentra- 
tions of earhonates, and low magnetie values. The 
eolor of the samples from layer XXIII taken for 
this study is very pale bro wn (10 YR 7/3) or bro wn 
(7.5 YR 5/3), and our samples contained no traees 
ofhone or ehareoal. Their elemental eomposition 
is characterizedby CaO, (41.33%), SiO, (22.43%), 
and A1 2 0 3 (5.60%), P 2 0 5 (1.36%). XRD shows 
that the sediments eontain ealeite, dolomite, and 
quartz, but hydroxyl apatite is totally ahsent. The 
granulometry of our samples corresponds to eoarse 


sand. The essential difference in mineralogieal and 
elemental eomposition of the hlaek layer is thus 
the presenee of hydroxyl apatite. The hlaek layer 
presents a similar eoneentration ofCaO (41.73%) 
but lower eoneentrations of Si0 2 (16.50%) and 
A1,0 3 (2.64%). We ean also mention the ahsenee 
ofMgO, and higher levels ofP 2 0 5 (9.97%) and S 
and C1 (in ppm) even if in both layers these last 
two elements are present in low eoneentrations. 
The eoneentration of organie matter is greater in 
the hlaek layer (1.12 pg/g) than in the sterile one 
(0.59 pg/g). 

Our experimental results show that these 
two layers ehange in radically different ways 
under heat exposure. The hlaek layer exhibited 
light oxidation at 500°C but was transformed 
progressively into a lighter grey, and heeame ash 
between 500°-600°C. The natural soil ofCrvena 
Stijena (layer XXIII samples) turned to red ahove 
500°C, its eoloration darkening between 300° and 
500°C and turning definitively to a red eolor at 
more than 600°C (Tahle 18.4, Fig. 18.5). 

These data are very interesting heeause they 
indicate that if fire struetures were lit ahove hlaek 
layers, the transformation of these layers under 
heat could lead to the formation of grey or ash 
layers. The ashes areproducedby the eomhustion 
of organie matter present in the hlaek layers, like 
hones, ehareoal, and possibly other materials with 
earhon eontent that have not yet been identified. 
On the other hand, this experiment also eonfirms 
that reddish soils at Crvena Stijena could appear 
only if fire struetures aehieve high temperatures. 

Further related to fire aetion on soils, Mor- 
ley (Chapter 7, this volume) has found that the 
magnetie susceptibility (x lf ) of the layer XX 
sediments does not co-vary with ehareoal eount, 
and the same is true for other parameters which 
might be associated with anthropogenie activity, 
with x lf showing no signifieant eorrelation with 
the loss-on-ignition index LOI (r = 0.30), or with 
his Laboratory Anthropogenie Index (LAI) that 
eomhines all the data generated from the param- 
eters LOl, the Munsell Value Index (MVI), and 
laboratory ehareoal eounts (r = 0.17). nor, finally, 
with his F ield Anthropogenie Index (FAI) that uses 
the data from the bone and ehareoal frequency 
recording seheme used in the field, (r = -0.30). 
This is unusual given that for the entire sequence 
values of LOI, for example, have a very good 
level of eorrelation with magnetie susceptibility 
(r = 0.75). It seems that even if we ean detect 
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Table 18.4. Munsell eolors in funetion to temperature for black sediments of layers XX and XXIII. 



Black layer, layer XX 

Sterile layer, layer XXIII 

natural 

10YR 

2/2 

very black brown 

7.5YR 

5/3 

brown 

100°C 

10YR 

2/2 

very black brown 

7.5YR 

5/3 

brown 

200°C 

10YR 

2/2 to 3/1 

very black brown 

7.5YR 

6/3 

light brown 

300°C 

10YR 

2/2 to 3/1 

very black brown 

7.5YR 

6/4 

light brown 

400°C 

10YR 

4/2 

dark grayish brown 

7.5YR 

5/4 

brown 

500°C 

10YR 

6/3 

pale brown 

7.5YR 

5/4 

brown 

600°C 

10YR 

7/3 

very pale brown 

7.5YR 

5/4 to 5/6 

brown/ strong brown 

700°C 

10YR 

7/3 

very pale brown 

7.5YR 

6/4 to 6/6 

light brown/reddish yellow 

800°C 

10YR 

7/2 

light gray 

5.4R 

6/4 

light reddish brown 

900°C 

10YR 

7/2 

light gray 

2.5YR 

6/6 

ligth red 

1000°C 

7.5Y 

8/2 

Light grey 

2.5YR 

6/6 to 6/4 

light red/light reddish brown 


Natural 100°C 200°C 300°C 400°C 500°C 600°C 700°C 800°C 900°C 1000°C 



Fig. 18.5. Color and texture ehanges as a funetion of temperature for sediments of black layers in 
layers XX and XXIII. 


ehareoal and burnt bones in these layers, the 
aetion of fire did not modify the magnetie sus- 
ceptibility. That is eonsistent with a view of these 
layers as soils made up of anthropie debris that 
includes a mixture of elements eoming from fire 
struetures but all exposed to low temperatures. 
Another possihle explanation for these results is 
that the sedimentary eomponent of these layers 
eontains low quantities of quartz, aluminum, and 
iron eonstituents of the natural clays, in which 
ease magnetie susceptibility would be minimally 
affected. 

Overall, looking at the layerXX fire struetures, 
we see that they have stratigraphie sequences 
which ean be summarized as follows: ash layers 
above reddish layers, ash layers overhlaek layers, 
ash layers above grey layers, and finally ash layers 
over other ash layers. 

The first sequence ean be explained simple 
as fire struetures in situ, which burn the under- 
lying sediments at high temperatures, as Morley 
(Chapter 7, this volume) saw in his mieromor- 
phologieal analyses. The second sequence ean 
be now interpreted in three different ways: 1) if 
ashes eame from combustible residues, we ean 


interpret them in the first plaee as evaeuation 
areas of combustible (wood or bone) debris, 2) 
still considering that the ash layers eome from 
combustible debris, they might be interpreted as 
fire struetures that burned at lower temperatures 
(less than 400-500°C), which did not oxidize or 
transform the underlying layers, and finally 3) 
we could interpret them as burned soils created 
by fires at high temperatures of more than 500°C 
which transformed the soil heneath them to ashes. 
In this last ease, ash layers indicate the intensity 
of the fire strueture and could be also related to 
the length of time of hurning of eaeh soil (Mareh 
andFerreri 1989,1991;Ferreri andMarch 1996; 
Mareh et al.2010; Muhieddine et al. 2011). The 
same proeesses could explain the superposition of 
ash and grey layers, with the difference in eolor 
being explained by the temperatures reached, de- 
pending on the depth of the soil that was affected 
by heat. 

Finally, the superposition of ash layers over 
ash layers ean be interpreted as the superposition 
of combustible debris over altered soils, or by the 
superposition of fire struetures in situ, or even by 
the superposition of evaeuation areas situated 
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outside the fire. ln any ease, we ean consider that 
both ash layers and reddish layers are related to 
the direct aetion of fire. 

The dynamics of fire in layer XX 

if we ean consider that ash layers and reddish 
layers are a direct consequence of the aetion of 
fire, we ean analyze the dynamics of fire that are 
still observable inthe exposedprofileoflayerXX. 
This analysis of the stratigraphie sequence may 
thus give us a preliminary idea of the Neander- 
thal use of the spaee related to fire. To measure 
the relative intensity of the use of spaee for fire 
struetures in eaeh seetion of the profile analyzed, 
we propose to use the proportion occupied by 
ash or reddish layers within the vertieal surfaee 
(defined by the boundaries of Basler’s layers) 
that eontains the studied layers. This index, I, is 
simply the proportion of the surfaee of the profile 
occupied by the layers or struetures in question. 
In the seetion of layer XX studied here, I = 0.11 
for ash layers and I = 0.01 for reddish layers. 
The mean (E-W, N-S) surfaee of these layers is 
61.06 sq em for ash layers, with a minimum of 
5.96 sq em and a maximum of 534.13 sq em, and 
for reddish layers 24.76, 2.91 and 80.92 sq em, 
respectively. The grey layers, which couldbe also 
related to the use of fire as discussed above, have 
an index of I = 0.06, and the black layers, which 
could represent the aeeumulation of combustion 
debris eoming from other episodes of fire and 
presenting higher eoneentrations of ehareoal and 
carbonized bones, have an index of 1 = 0.16. The 
highest index, however, is 1 = 0.54 forburntbone 
layers. 


To eonstruet a 3D model that allows us to 
explore the dynamics of the use of fire in Crvena 
Stij ena, we use the stratigraphieal data and dimen- 
sions obtained from the profile. The eenter of the 
width of the exposed surfaee of eaeh layer will be 
used here as the referenee for their eentral position 
(see Appendix). Layer width will be used as the 
hypothetical diameter occupied by the fire hori- 
zontally. The maximum thiekness of eaeh layer 
will be used as the thiekness of eaeh strueture. 
Following this procedure, we ean make a first 
sehematie 3D model to represent the positions 
of fire struetures and their arrangement in layer 
XX (Figs. 18.6-18.7). 

As we ean see from the vertieal view of the 
ash layers (Fig. 18.7), most ash eoneentrations 
have relatively small dimensions, between 13 
and 40 em in width (diameter), and only two are 
particularly different, one small layerof 8 em and 
a very large one that is 183 em in diameter. The 
horizontal E-W distance between the extremes 
of these layers is 230 em. 

Withinthe studiedprofile, ash layers frequently 
oeeur in pairs associated at the same stratigraph- 
ie position (Figs. 18.8-18.9). Twelve of the 16 
struetures exhibit this organization, forming six 
pairs of struetures east and west of eaeh other. 
We ean observe that in these pairs of associated 
struetures, there is frequently an asymmetry where 
one strueture has larger dimensions than the other. 
The larger strueture is situated indifferently either 
on the west or the east in eaeh pair. In four eases 
the struetures are separated by different distances 
and in two eases the struetures are in eontaet. This 
organization in pairs could be the consequence of 
different funetions of eaeh strueture. For exam- 



Fig. 18.6. 3D sehematie model of ash layers from layer XX, right rear and lower right rear position. 
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Fig. 18.7. Top view of the position of fire struetures in the profile of layer XX; the diameter of the 
eireles represents the width of eaeh fire strueture in the profile. 


ple, we could have a small strueture to prepare 
the fire and burn wood to get embers and, very 
elose to this strueture, another one with a larger 
surfaee intended for eooking. In faet, if we take 
into aeeount these assoeiations, the dimensions 
used for fire aetivities in this spaee could be 
interpreted as more important, and would have 
larger dimensions, ranging from 39 em to 65 em 
in diameter as a funetion of the size of eaeh pair 
of struetures and their horizontal separation. 

Their displacements over time (X=horizontal 
and Y = vertieal) following the axis of the profile, 
show that, if we take into aeeount all the ash layers 
as isolated struetures, the majority ofthe horizontal 
displacements are between 2.8 and 50 em, with 
a mean of 31.28 em. If we consider the pairing 
of some struetures, the displacementbetween the 
eentral point of eaeh eomhustion area (that ean 
eontain one or two struetures depending on the 
ease) runs from 3.8 em to 59 em, with a mean of 
32.2 em. In layerXX, their stratigraphieal vertieal 
separation runs from 1 to 5.7 em, with a mean of 
2.36 em. The vertieal position of groups of fire 
struetures ean not be considered accurately be- 


eause the slope of the layers ereates measurement 
errors. 

Following their sequence of deposition 
(Figs. 18.8-18.11), we distinguish a first series of 
displacements oriented to the east at the base of 
the sequence, showing the superposition of six fire 
struetures that form three eomhustion areas. This 
series begins with a pair of ash layers (in yellow 
in Figs. 18.8-18.9) of very different dimensions, 
one of 32 em diameter and the other of only 14 em 
to the east of the larger one (layers 20-11 and 20- 
llb, see table of values in Appendix). These ash 
layers are in eontaet and eonstitute a eomhustion 
area with a total diameter of 46 em and an E-W 
inelination of-10.6°. The thieleness of these two 
struetures also shows great variation; the larger 
one is 3 em thiek and the smaller one only 1 em. A 
second eomhustion area (elear blue in Figs. 18.8- 
18.9) that is also constituted of two ash layers 
was located 58.5 em to the east of the first one, 
in the same stratigraphie position. Therefore, we 
ean assume that these first two areas were part of 
the same installation. The second area is made up 
of two ash layers (ash layers 20-10 and 20-9, see 
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Fig. 18.8. Assoeiation of fire struetures (ash layers) as a funetion of their stratigraphie position for 
layer XX; similar eolors indicate stratigraphie assoeiation. 


46 


N Profile 


W Profile 



0 0.05 0 08 0.10 0.13 0 15M 



Fig. 18.9. Model top view of the assoeiations of fire struetures in layer XX. 


tahle of values in Appendix) 24.5 and 33.7 em in 
diameter that are separated by 1.8 em, forming 
together a total area of 60 em in diameter. This 
eomhustion area presents a gentler slope than the 
first one, -2.8°. These two ash layers are 1.4 and 
1.9 em thiek respectively. It is interesting to note 
that the two eomhustion areas are organized sueh 
that the smaller ash eoneentrations of eaeh area are 
near to eaeh other, forming a mirror distribution 


where the smaller ash layers are in the interior 
and the larger ones on the exterior along an E-W 
axis. 

This first installation, with four ash layers and 
two eomhustion areas of different dimensions, 
was covered by a new series of two ash layers 
(ashes 20-7 and 20-8, see Appendix; purple in 
Figs. 18.8-18.9) that form a eomhustion area 
of 65 em in diameter and are displaced 50.4 em 
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Width of ash layers of iayer XX Thiekness of ash layers of layer XX 




Fig. 18.10. Histograms of displacement on x (horizontal) and y (vertieal) axes; width and whickness 
of the profiles of the ash layers of layer XX. 



Fig. 18.11. X eenter position, width, and thiekness in time relative to the profile studied for layerXX. 


to the west. The vertieal separation of this third 
eomhustion area from the first one (yellow) is 
between 1.6 and 3 em and from the second one 
(elear blue) is 1 to 1.6 em. These two layers are 


also arranged on an E-W axis, with dimensions 
similar to those of the second eomhustion area 
described ahove. The larger ash layer is 31.4 em 
long in the profile. andthe smallerone21.51 em. 
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The two struetures are arranged like the second 
eomhustion area, with the larger one on the east, 
hutherehoth layers are well separated (11.5 em). 
This area shows an inelination of-7.18° on the 
E-W axis. 

This third series was followed by the most 
important stratigraphie interruption in the se- 
quence of ash layers, an interruption that includes 
the oxidation of a layer of soil by the following 
fire strueture. This vertieal separation is between 
2.6-4.6 em and eonsists of black layers, grey 
layers, and grey soils. 

Above these layers we find the largest strue- 
ture of the sequence, which extends over all the 
previous ash layers (white in Figs. 18.8-18.9). 
This strueture is 183 em in width with a thiek- 
ness of 6.4 em, with a eenter that is displaced 
5 em to the east in relation to the preceding area. 
The dimensions of this strueture show that use 
of spaee related to fire at this moment of human 
oeeupation ehanges radically in eomparison with 
the struetures that we have previously described. 
The size of this strueture implies the use of a large 
zone in the shelter only for aetivities related to 
fire. This size represents nearly six times the mean 
spaee occupied by fires in all the other struetures 
(ofthe entire sequence). This strueture (Appendix: 
Strueture 3, Upper part of white grey ashes; Strue- 
ture 3, White transition ashes; Strueture 3, reddish 
soil) exhibits a complex internal stratigraphy and 
exhibits another difference from the other strue- 
tures in its superposition of ash layers, showing 
the reutilization of the spaee forthe same purposes 
but with a ehange in fire strueture dimensions. 
This layer follows the slope of layerXX with an 
inelination of-7.87°. Here the presenee of the 
reddish soil brings to the fore a question as to its 
nature heeause, if it is the result of some natural 
soil formation, this could indicate an interval 
in the formation of layer XX that links the big 
strueture to two different natural proeesses that 
lead to the introduction and deposition of some 
natural sediment in the shelter. 

Above this big strueture, we observe a fifth 
sequence characterized by a combustion area 
eontaining two ash layers (Appendix: Ashes 20-5 
and Ashes 20-6) at the same stratigraphie level 
(red in Figs. 18.8-18.9) and positioned partially 
over a grey layer, ablack lay er, and a small reddish 
layer that eover the big strueture. This eomhustion 
area, which is 39 em in diameter, eontains two 
small ash layers 17.3 and 8.3 em in diameter and 


1 and 1.3 em thiek that are separated by 13 em 
and present a slope of -3.8°. This area shows 
very little displacement to the east, only 3.8 em 
in relation to the eenter of the big strueture. The 
vertieal separation of this eomhustion area from 
the big strueture is 0.7-1.4 em. The smaller strue- 
ture is located to the east of the larger strueture. 
This eomhustion area is one of the two smallest 
areas of the sequence. 

This area of eomhustion was followed by a 
new isolated strueture (Ashes 20-4) of relatively 
small dimensions, 15.5 em in diameter and 0.6 em 
thiek, that is displaced 20.6 em to the east of the 
preceding one. This strueture is separated from 
the preceding strueture by a black layer. The 
presenee of this small strueture not paired with 
a second one could indicate a ehange in the axial 
orientation of fire struetures (for example to a 
N-S direction) which could ereate the ahsenee 
of a second strueture in the profile. Another 
explanation could be a difference in the funetion 
of this isolated strueture, related to a reduction 
of the surfaee occupied by fire in this part of the 
sequence in this part of the shelter. 

Above this isolated layer we ohserve a new 
displacement to the east of43.2 em, where a new 
eomhustion area 50 em in width was created. This 
eomhustion area eontains two juxtaposed ash 
layers (Ashes 20-3 and Ashes 20-3b) of relative 
large dimensions (20 em and 30 em in width), 
separated from the preceding area by more than 
6 em and inclined in an angle of—1.7° (in green 
in Figs. 18.8-18.9). Contrary to the last two se- 
ries, the stratigraphie sequence here shows the 
presenee of black or grey layers, and not reddish 
ones, forming the sediment that separates this 
area from the preceding, isolated fire strueture. 
Here again the smaller strueture is positioned to 
the east of the larger one. As in the first sequence 
where the struetures are also juxtaposed, the larger 
strueture is thieker than the smaller one (4.4 em 
vs. 0.7 em). 

Follo wing this pair of struetures, we ohserve a 
new eomhustion area, 48 em in diameter, formed 
by a new pair of ash layers (Ashes 20-2 and Ash- 
es 20-2b) with widths of 17.5 em and 20.4 em 
respectively, which are separated by 9.8 em (in 
violet in Figs. 18.8-18.9) and displaced 46.5 to 
the east. These two areas are 1.4 and 1.8 em thiek, 
and show an inelination of 6.8°. As we ean see, the 
slope of this eomhustion area is reversed here, and 
the layer exhibits a noticeable inelination to the 
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east. In this area, the larger ash layer is situated 
on the east. 

Finally this sequence is finished by a new 
isolated ash layer (Ashes 20-1) that overlaps the 
area of eomhustion just described. This ash layer 
is 19.6 em wide and 1.4 em thiek, and is displaced 
4.7 em to the west. These ashes are separated 
from the preceding area by a black layer and a 
grey layer that underlie the ash eoneentration. 

it is evident that the human oeeupation of 
the shelter was not interrupted while the hiatuses 
within this series of fire struetures were formed. 
Other layers that are also made up of anthropie 
debris separate the sequences of fire struetures. 
Thus the interruptions observed indicate that 
fire aetivities were displaced within the site. it is 
interesting to note the thinness of the layers of 
anthropie debris that separate fire struetures within 
eaeh sequence. That eontrasts with the thiekness 
observed in the natural hiatuses that precede and 
follow the installation of the large fire strueture. 
If we could interpret this in terms of rhythms of 
anthropie sedimentation and if we think that fire 
is always present in Neanderthal habitat, this 
implies a greater mobility in the oeeupation spaee 
in the shelter that results in the ereation of fire 
struetures alternating with other human debris in 
this part of the site. The possibility remains that 
this dynamic was displaced to other parts of the 
occupied spaee when formation of fire struetures 
was not ongoing here. 

The organization of fire struetures by pairs and 
also their eonsistent E-W orientation shows a re- 
eurrent behavior. As we ean see, we ean summarize 
their organization as two ash layers juxtaposed 
or separated by small distances. In all eases we 
observe an asymmetry between the two struetures 
present in eaeh area. This asymmetry is greater 
in the ease of the juxtaposed layers. Oeeurrenees 
of fire struetures in the same layer ean also be 
seen in other Neanderthal sites as Kebara (Speth 
et al. 2012; Goldberg 2012), orTor Faraj (Flenry 
2012) orMujinaPecina (Karavanie 2007). Some 
isolated struetures of similar dimensions are also 
present and may indicate a rotation of the axis of 
aetivities to a north-south orientation. Finally we 
have the very big strueture for the spaee in this 
part of the site. Except for this large strueture, 
the paired or isolated fire layers have small di- 
mensions compared to other ash eoneentrations 
or fire struetures identified previously in other 
Neanderthal sites asKebara (Speth et al. 2012), Tor 


Faraj (Flenry, 2012), TAbric Romani (Carrancho 
et al. 2016), Mujina Peeina (Karavanie 2007), or 
Roe de Marsal (Aldeias et al. 2012). 

As we have determined experimentally, the 
reddish layers present in layer XX seem to in- 
dicate proeesses that eause the oxidation of the 
underlying soil at more than 500°C. The reddish 
layers of layerXX (Appendix: Reddish layer 1, 
2 and 3 and Strueture 3 reddish soil) follow the 
displacement of ashes in the profilebut do not reaeh 
the N-S part of the profile. They tend to occupy 
smaller surfaees than the ash layers or grey layers 
that eover them (Fig. 18.12). Three of them have 
widths that are les than 20 em (Reddish layers 
1, 2, 3). Their presenee indicates that heat had 
penetrated into the substrate, and their position 
reveals where the aetion of heat was greater in 
intensity orover time. In this sense it is interesting 
to note that the larger reddish layer (Strueture 3 
reddish soil) is directly related to the larger fire 
strueture ash layer (Strueture 3 in the Appendix). 
In this partieular ease the reddish zone is shifted 
under the west part of the ash layer and does not 
eover exactly the same surfaee (Fig. 18.13). 

This might suggest that the aneient hearth 
did not have a homogenous distribution of tem- 
peratures, but had a higher heat in the eenter that 
covered a smaller surfaee than the present ash 
layer, or that the ash layer could be also the result 
of the dispersion of ashes beyond the original 
surfaee of the heat eenter of the fire strueture. In 
another ease the ash layer is also larger than the 
reddish zone, but the reddish zone is shifted to 
the east. In a third ease the ash layer is smaller 
than the reddish one, but between the reddish and 
the ash zones we ean observe a larger grey layer 
that eovers the oxidized soil. In this last ease, 
the ash layer is the smallest of all the ash layers 
preserved in layer XX and coidd indicate a very 
high temperature over a very limited surfaee of 
the fire strueture. Finally, a last example shows a 
reddish layer covered by a grey layer, that could 
eonfirm that the grey layers are soils burned at 
high temperatures but not so high as to reaeh a 
white eolor (Fig. 18.14). The presenee of ash 
layers over black layers that do not generate a 
reddish zone coidd be explained by two different 
possibilities: 1) that the black layers that underlie 
ash layers did not develop a clearly reddish eolor 
due to their eontent, or 2) that these ash layers are 
combustion debris that has been displaced from 
its in situ position, i.e., evaeuation areas. 
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X eenter position of ash layers and reddish layers from layer XX 
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Fig. 18.12. X eenter position of ash layers and reddish layers from layer XX. 



Fig. 18.13. Modeled top view of ash and reddish layers from layer XX with emphasis on the dimen- 
sions of the reddish layer and the big ash layer (red and black white pattern); the diameter of the 
eireles represents the width of eaeh fire strueture in the profile. 
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Fig. 18.14. Detail of reddish layers relative position in the stratigraphy of layerXX. 


It is interesting to note then that reddish layers 
are always connected to ash layers or grey layers, 
in no eases did we ohserve paired assoeiations 
of reddish layers as we do with ash layers. This 
could imply that when two associated ash layers 
exist they reached different temperatures which 
could be related to different funetions and that 
they ean be the result of high temperatures that 
burned hlaek layers and not the deposition of 
eomhustion residues. 

The funetion of the large strueture detected in 
the first sequence may be different from the others 
found in the sequence. This strueture also presents 
an internal stratigraphie sequence that could be 
studied in detail. Therefore we have ehosen it for 
further analytical study (by X-ray fluoreseenee, 
XRD, and gas chromatography (GC), gas ehroma- 
tography-mass spectrometry (GC-MS), and gas 
chromatography eomhustion isotope ratio mass 
spectrometry (CG-C-IRMS). These analyses may 
help to evaluate some of the various possihilities set 
out ahove. Forthis study, this strueture was named 
“strueture 3 big” (Fig. 18.15). It has a length of 
1.83 m, and presents a complex stratigraphy that 
shows many internal layers of more than 3 em 
thiekness, which are not homogenously repre- 
sented throughout its length and are contained 
between two hlaek layers (anthropie soils) in the 
following stratigraphie sequence: 

1) Upper hlaek layer (soil) 

2) Grey hlaek layer that overlies the ash layer 

of the strueture 

3) White ash layer 

4) Reddish soil 

5) White transition (between red and hlaek 
soil) 


6) Grey soil 

7) Lower Black layer (soil) 

The analyses of this large strueture are presented 
below in the seetion on “The Analytical Study 
of Sampled Fire Struetures in Crvena Stijena.” 

Layer XXIV (Mousterian) 

Layer XXIV has a maximum thiekness of 2.3 
m and eontains many different sequences of fire 
struetures that were aeeessihle from the profile 
(Figs. 18.1, 18.16). Two of these sequences, sit- 
uated at the middle and lower part of the layer, 
were selected for study. Flere we will present the 
results of the fire strueture sequence situated in 
the middle part ofthe layer. Samples ofthe lower 
part were taken for anthraeologieal analysis by J. 
D. Shaw (see Shaw, Chapter 17, this volume). 

As mentioned ahove, this whole layer is 
dominated by a matrix with high proportions of 
ehareoal, ash, hurnt and unhurnt hones, and oeea- 
sional lithies that seem to be thermally altered in 
situ', it also eontains some interbedded fine sandy 
gravels and eoarse sand units (Morley 2007; Ba- 
kovie et al. 2009; see also Morley, Chapter 7, this 
volume). Between the hlaek layers we observed 
some fine-grained hlaek layers that eontain clays 
which ean be related to the presenee of very finely 
comminuted ehareoal and high proportions of 
organie matter (Morley 2007). 

As in lay er XX, hlaek layers are accompanied 
by ash layers (which ean present different eol- 
ors—gray, blue-gray, white, or red) and reddish 
layers. It is interesting to note that many hones 
seem to agree in their eolors with the layer in 
which they were found and with the temperature 
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1.00 M 


Fig. 18.15. Detail ofstrueture 3 from layerXX. 



Fig. 18.16. LayerXXIV studied profile. 


reached by these layers as could be inferred from 
our experimental results (Fig. 18.17). As we saw 
in our fieldwork, it is easy to find blackened and 
brownish bones in blackened layers, while we 
find white-grey bones, blue-gray bones, or blue- 
white bones in the ash. The same thing ean oeeur 
with ealeareous burnt stones that ean be grey or 
white as a funetion of the temperature reached 
by the layer. Burnt stones became more friable in 
ash layers where we suppose them to have been 
exposed to higher temperatures. In consequence, 


these layers seem to have a speeifie eomposition 
that indicates differences both in their eonstituents 
and in their fonnation proeesses, including the 
temperatures of hearths in the past. 

The analysis of magnetie parameters per- 
formed by Morley indicates a high quantity of 
magnetie minerals but a variable degree of eor- 
relation with ehareoal contained in these layers. 
His results show non-signifieant eorrelation with 
lab measures of ehareoal (r = 0.09) and only a 
slightly better eorrelation with field measures 


356 



















Studying Neanāerthal Fire Struetures from Crvena Stijena 



Fig. 18.17. Detail of carbonized bone and burnt ealeareous stones in black layers, and yellow-brown 
bones in burnt bone layers from layer XXIV. 
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of ehareoal (r = 0.53). (Morley, Chapter 7, this 
volume). This led Morley to conclude that “it 
is not just the ehareoal rieh layers which have a 
high magnetie signal, but the suhstrate on which 
the fires have been lit may have been subject to 
heating/hurning which would also inerease the 
magnetie signal’’ and that magnetie suseeptihil- 
ity (associated with hurning) may be “a eoarse 
proxy indicator for in-situ hurning, as it would be 
expected that if the ash and ehareoal layers were 
the remains of either raked out fires, or constituted 
redeposited anthropogenie remains, then the ylf 
signal would tally more closely to the presenee 
of ehareoal and hurnt material in the sediments” 
(Morley 2007:279-280). 

For our study we selected a group of fire 
struetures present in the E-W profile at a depth of 
12-13 m. The second seetion sampled is situated at 
a lowerposition in the same profile, between 13-14 
m(Figs. 18.1,18.16). Wecleanedawindowinthe 
profile 1.42mwideby 1 mhigh(Fig. 18.16). In this 
seetion, layerXXIV presents 127 distinguishable 
layers related to fire struetures that are coveredby 
a large blackened layer or dark brown layer that 
is not investigated in this analysis. Forty-two of 
these layers are ash layers, 44 are hlaek layers, 
30 are grey layers, 5 are reddish layers, 6 are 
hurnt bone layers, and, finally, there are 2 grey 
soils (Fig. 18.18). At the bottom-east part of the 
profile we observed an ash layer emerging from 
the profile that was very disturbed. Although it 


would have been interesting to see the form of 
these ash layers in a horizontal perspeetive, the 
high degree of disturbance of the layer did not 
eneourage us to proceed with its speeifie study. 

The studied zone has two partieularities. The 
first one is the presenee of large roeks at the base 
and west of the profile that had evidently limited 
the surfaee that could be occupiedby Neanderthals 
in the past. The other one is the presenee of two 
major disturbances eoming from ahove that had 
eut into the underlying layers and could indicate 
the presenee of a superstrueture that was installed 
over the hearths or the presenee of aneient roeks 
removed from their position and which limited the 
extension of fire struetures in the past (Fig. 18.19). 
This disturbance disappeared slowly as we cleaned 
the profile for analysis. 

Within this portion of the profile (that eovers 
10,224 sq em), layer XXIV presents 42 ash layers. 
The minimum width of these layers is 2.24 em and 
the maximum is 68.31 em. Theirthiekness varies 
between 0.3 and 4.20 em, their height ranges from 
0.86 to 9.31 em, and their area between 0.58 and 
111.44 sq em (Tahle 18.5 and Appendix). These 
ash layers have smaller dimensions than the ash 
layers of layer XX. 

As in layerXX, the ash layers are accompanied 
by a series ofhlaek layers. Here the 45 hlaek layers 
detected have a minimum width of 4.10 em and 
a maximum width of 68.50 em. Their thiekness 
runs between 0.6 and 6 em, their height from 
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Fig. 18.18. Layer XXIV studied profile with reconstructed layers. 
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Fig. 18.19. Detail of the disturbed zone eoming from above into layer XXIV. 


Table 18.5. Summary statisties for ash layers and black layers from layer XXIV of Crvena Stijena. 



Layer XXIV Ash Layers 

Layer XXIV Black layers 

THICKNESS 

HEIGHT 

WIDTH 

AREA 

sq em. 

THICKNESS 

HEIGHT 

WIDTH 

AREA 

sq em. 

N 

42.00 

42.00 

42.00 

42.00 

45.00 

45.00 

45.00 

44.00 

Min 

0.30 

0.86 

2.24 

0.58 

0.60 

1.40 

4.10 

3.14 

Max 

4.20 

9.31 

68.31 

111.44 

6.00 

30.60 

68.50 

203.53 

Sum 

75.60 

164.33 

726.81 

997.86 

101.60 

312.12 

1278.75 

2218.49 

Mean 

1.80 

3.91 

17.30 

23.76 

2.26 

6.94 

28.42 

50.42 

Std. error 

0.14 

0.35 

1.83 

3.63 

0.19 

1.00 

2.93 

8.07 

Varianee 

0.81 

5.05 

141.14 

553.82 

1.61 

45.29 

385.14 

2866.13 

Stand. dev 

0.90 

2.25 

11.88 

23.53 

1.27 

6.73 

19.63 

53.54 

Median 

1.80 

3.26 

14.37 

17.26 

2.10 

4.20 

18.80 

22.39 

25 prentil 

1.28 

1.98 

9.55 

5.84 

1.25 

2.50 

13.30 

11.93 

75 prentil 

2.40 

5.65 

20.35 

31.33 

2.65 

9.15 

47.13 

95.51 

Skevvness 

0.55 

0.68 

2.27 

1.83 

1.34 

1.81 

0.80 

1.31 

Kurtosis 

0.35 

-0.53 

7.45 

3.83 

1.64 

3.03 

-0.79 

0.68 

Geom. mean 

1.55 

3.30 

14.33 

14.56 

1.96 

4.82 

22.30 

28.44 

Coeff. var 

49.96 

57.45 

68.65 

99.05 

56.13 

97.03 

69.06 

106.18 


1.4 to 30.6 em, and their area between 3.14 and 
203.53 sqcm (Table 18.5). 

Associated with these layers, we ean observe 
3 0 grey layers that have widths between 5.45 and 
66.10 em, while their thiekness varies between 
0.6 and 4.4 em. Their height falls within 0.9 and 


10.40 em, andtheirareabetween2.53 and 142.19 
sq em (Table 18.6). 

The 5 reddish layers found have widths be- 
tween 5.48 and 65.60 em, and thieknesses that 
range from 0.3 to 3.5 em. Their height runs from 
0.72 to 8.10 em, and their areas have a minimum 
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Table 18.6. Summary statisties for grey layers and reddish layers from layer XXIV of Crvena Stijena. 



Layer XXIV Grey layers 

Layer XXIV Reddish layers 

THICKNESS 

HEIGHT 

WIDTH 

AREA 

sq em 

THICKNESS 

HEIGHT 

WIDTH 

AREA 

sq em 

N 

30.00 

30.00 

30.00 

30.00 

5.00 

5.00 

5.00 

5.00 

Min 

0.60 

0.90 

5.45 

2.53 

0.30 

0.72 

5.48 

1.61 

Max 

4.40 

10.40 

66.10 

142.19 

3.50 

8.10 

65.60 

109.67 

Sum 

60.20 

112.64 

609.89 

719.06 

7.90 

14.42 

109.43 

141.32 

Mean 

2.01 

3.75 

20.33 

23.97 

1.58 

2.88 

21.89 

28.26 

Std. error 

0.19 

0.41 

2.91 

5.54 

0.57 

1.33 

11.41 

20.59 

Varianee 

1.14 

5.04 

254.27 

921.32 

1.63 

8.79 

651.45 

2119.17 

Stand. dev 

1.07 

2.24 

15.95 

30.35 

1.28 

2.97 

25.52 

46.03 

Median 

2.30 

3.81 

14.74 

15.63 

1.00 

1.90 

9.25 

7.09 

25 prentil 

1.08 

1.69 

9.66 

6.62 

0.60 

1.14 

5.57 

2.56 

75 prentil 

2.63 

4.83 

27.71 

28.08 

2.85 

5.13 

44.53 

64.55 

Skewness 

0.46 

1.29 

1.75 

2.78 

0.95 

2.05 

1.82 

2.12 

Kurtosis 

-0.67 

2.40 

2.55 

8.40 

-0.09 

4.39 

3.25 

4.53 

Geom. mean 

1.72 

3.16 

16.03 

14.07 

1.16 

2.06 

13.45 

9.69 

Coeff. var 

53.19 

59.79 

78.44 

126.64 

80.73 

102.83 

116.62 

162.87 


dimension of 1.61 and a maximum of 109.67 
sq em (Table 18.6). 

Finally, we observed 6 burnt bone layers and 
only 2 grey soils that were situated in the upper 
part of the profile. The burnt bone layers have a 
widthbetween 6.95 and 11.30cm and a thiekness 
that varies from 1.80 to 3.30 em. Their height is 
a minimum of 2.75 em and reaehes a maximum 
of22.05 em while their surfaee areas are between 
10.06 and 107.75 sq em. The limited number of 
grey soils show widthsbetween 58.65 and 62 em, 
and a thiekness from 4 to 6.8 em. Their height is 
comprised between 5 and 7 em and their surfaee 
areas run between 107.4 and 166.88 sq em (Ta- 
ble 18.7). 

Here the vertieal surfaee ofthe profile analyzed 
has an area of 4685 sq em. Within this area, ash 
layers occupied 997 sq em (22.6%), black layers 
2218.50 sq em (50.42%) grey layers 719.5 8 sq em 
(16.31%), reddish layers 141.32 sq em (3.20%), 
the burnt bone layers 334.30 sq em (7.6 %), and, 
finally, the grey soil layers occupied a surfaee of 
274.29 sq em (5.85 %) (Fig. 18.20). 

The reduction of the area occupied by burnt 
bone layers and the reduction of the surfaee oe- 
cupied by grey soils explains the inerease in the 
proportion of area occupied by the other layers 


in layer XXIV. If the same proeesses discussed 
above explain the formation of these layers, the 
aeeumulation oflarge burntbone layers that could 
imply the aeeumulation of various anthropie debris 
in the same spaee, did not oeeur in this part of the 
shelter. This does not imply that sueh large aeeu- 
mulations did not oeeur in the period of formation 
of layer XXIV but indicates that the dimensions 
of these aeeumulations were less important in 
this part of the site at that time, which implies a 
eertain hiatus in aetivities related. Always in this 
sense it is interesting to note that the total surfaee 
covered here by the grey soils is more important 
and represents 82% of the surfaee of burnt bone 
layers, mueh more than in layer XX where they 
represent only 20% of the area occupiedby burnt 
bone layers. The other kinds of layers are also 
proportionally less important in eomparison to 
grey soils. The grey soils here thus occupy some 
of the area that was occupied by the burnt bone 
layers in layer XX. This could imply a difference 
in the rhythm of deposition of these two kinds of 
layers and an inerement of the natural ealeareous 
sediments that composed the grey soils. These 
grey soils are thieker than in layer XX. 

Anotherpoint to note about the layers of layer 
XXIV is that the mean areas of the ash layers, 
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Table 18.7. Summary statisties forburntbone layers andgrey soils from layerXXIVofCrvena Stijena. 



Layer XXIV Burnt bone layers 

Layer XXIV Grey soils 

THICKNESS 

HEIGHT 

WIDTH 

AREA 

sq m 

THICKNESS 

HEIGHT 

WIDTH 

AREA 

sq.cm 

N 

6.00 

6.00 

6.00 

6.00 

2.00 

2.00 

2.00 

2.00 

Min 

1.80 

2.75 

11.30 

10.06 

4.00 

5.00 

58.65 

107.40 

Max 

3.30 

22.05 

69.95 

107.75 

6.80 

7.00 

62.00 

166.88 

Sum 

15.80 

52.79 

219.68 

334.30 

10.80 

12.00 

120.65 

274.29 

Mean 

2.63 

8.80 

36.61 

55.72 

5.40 

6.00 

60.33 

137.14 

Std. error 

0.20 

2.98 

8.17 

13.40 

1.40 

1.00 

1.68 

29.74 

Varianee 

0.25 

53.13 

400.60 

1076.58 

3.92 

2.00 

5.61 

1769.00 

Stand. dev 

0.50 

7.29 

20.01 

32.81 

1.98 

1.41 

2.37 

42.06 

Median 

2.65 

6.10 

34.27 

52.25 

5.40 

6.00 

60.33 

137.14 

25 prentil 

2.33 

3.39 

20.98 

32.01 

3.00 

3.75 

43.99 

80.55 

75 prentil 

3.00 

14.66 

51.76 

81.44 

5.10 

5.25 

46.50 

125.16 

Skewness 

-0.65 

1.52 

0.73 

0.39 

0.00 

0.00 

0.00 

0.00 

Kurtosis 

1.63 

1.97 

1.06 

0.90 

-2.75 

-2.75 

-2.75 

-2.75 

Geom. mean 

2.59 

6.80 

31.75 

45.12 

5.22 

5.92 

60.30 

133.88 

Coeff. var 

18.86 

82.84 

54.67 

58.89 

36.66 

23.57 

3.93 

30.67 


black layers, grey layers, and burnt bone layers 
are smallerthan for layerXX. The most important 
reductions are observed for ash layers and for the 
burnt bone layers. Only the reddish layers and the 
grey soils have larger mean areas in layer XXIV 
than in layer XX. The reason for the difference 
for the grey soils was explained above. For the 
reddish layers this could be easily explained by 
the dimensions of a red lay er observed in only one 
strueture that clearly surpass the dimensions of 
reddish layers observed for layer XX. This could 
imply a longer duration of this fire episode, seeing 
that the dimensions of the ash layer that eovers 
it in this strueture are smaller than the ash layer 
that eovers the reddish layer in layer XX. 

In faet, seeing the deformation of some ofthese 
layers in the upper part of the profile, we could 
also think that these differences could have been 
created by a eompaetion of the layers in layer 
XXIV eoming from the very large stones that 
eover the seetion of the profile ehosen for this 
study. But when we analyze the thiekness and the 
width of these layers we see that for all the layers 
except the grey soils the widths are smaller in layer 
XXIV, while thiekness is relatively more stable. 
Thiekness is greater for the grey soils, the grey 
layers, and the reddish layers and less for the ash 


layers, black layers and burnt bone layers. This 
implies that the reduction affeets the diameters 
of the ash layers, black layers, grey layers, and 
burnt bone layers more than the volumes of their 
accumulated sediments (Table 18.8). The only 
kind of layer that shows an inerement in volume 
is the grey soils, which seems to eonfirm their 
more important aeeumulation in the upper part 
of layer XXIV. 

In layer XXIV ash layers mostly overlie 
black layers (56%) or grey layers (23%). They 
less frequently eover other ash layers (12%), in 
only 2 eases do they lie directly on reddish layers 
(4%), and in 3 eases burnt bone layers (6%). In 
24% of eases ash layers eover more than one 
layer, primarily ash layers and black layers or 
grey layers and black layers (Fig. 18.21). 

Black layers that underlie ash layers are larger 
than in layer XX. These layers as described by 
Morley are extremely rieh in bone, ehareoal, and 
ash, as well as reddened materials (limestone 
elasts and fine sediments) which would suggest 
that these materials have been burnt. In some 
eases analysis of these layers shows signifieant 
clay eontent and relatively high levels of total 
organie matter. The clay peak could be related to 
the presenee of very finely comminuted ehareoal 
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Fig. 18.20. Relative elimensions of different ldnds of layers found in layer XX and layer XXIV. 


362 


































































































Studying Neanāerthal Fire Struetures from Crvena Stijena 



Fig. 18.21. Pereentage distribution of the kinds of underlying layers for ash, black , grey, reddish, 
and burnt bone layers. 


dispersed in the matrix of this layer. (Morley 2007, ash layers (34%), contrary to layer XX where they 
see also Morley, Chapter 7, this volume). Here lie mostly under burnt bone layers. Here these 
black layers lie mostly on grey layers (37%) or layers also lie on other black layers (21%). This 
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Table 18.8. Relation of mean elimensions of ash, black, grey, reddish and burnt bone layers between 
layer XX and layer XXIV. 



Relation of mean dimensions of ash layers between layer XX and layer XXIV 

THICKNESS 

WIDTH 

AREA sq.cm 

lndex 

1,29 

1,91 

2,57 






Relation of mean dimensions of black layers between layer XX and layer XXIV 


THICKNESS 

WIDTH 

AREA sq.cm 

lndex 

1,02 

1,28 

1,27 






Relation of mean dimensions of grey layers between layer XX and layer XXIV 


THICKNESS 

WIDTH 

AREA sq.cm 

lndex 

0,91 

1,24 

1,03 






Relation of mean dimensions of reddish layers between layer XX and layer XXIV 


THICKNESS 

WIDTH 

AREA sq.cm 

lndex 

0,71 

1,04 

0,88 






Relation of mean dimensions of burnt Bone layers 

jetween layer XX and layer XXIV 


THICKNESS 

WIDTH 

AREA sq.cm 

lndex 

3,26 

2,07 

7,16 


Relation of mean dimensions of grey soils between layer XX and layer XXIV 

THICKNESS 

WIDTH 

AREA sq.cm 

lndex 

0,59 

0,48 

0,48 


seems to eonfirm that black layers are frequently 
the soil that characterized the shelter in this part 
of the site during layer XXIV formation. Black 
layers eover burnt bone layers in only four eases 
(5.5 %) and reddish layers in only one (1.35%). 

Like ash layers, grey layers are underlain 
frequently by black layers (53%) or ash layers 
(34%). These proportions are very similarto those 
observed for layer XX. This seems to eonfirm 
their relation to fire aetion and also the relative 
positions of these grey layers with respeet to ash 
and black layers. 

Reddish layers (n = 5) eoverhlaek layers 60% 
of the time and one ash layer and one grey layer 
(both = 20%). As we saw previously, the reddish 
layers here have larger dimensions compared to 
those from layer XX. 

Burnt bone layers are underlain mostly by 
black layers (50%) and ash layers (37.5%), and 
in one ease by a grey layer (12.5 %). These data 
show a different formation proeess for this part of 
layer XXIV compared to layer XX, where burnt 
bone lay ers basically eover other burnt bone lay ers 
and occupy important surfaees. 


F inally, the only two grey soils observed eover 
mostly black layers (33%) and all the other layers 
in equal proportions. This obviously represents 
only two eases, where one ease eovers a complex 
strueture formed by a black layer, an ash layer, 
and a reddish layer, and in the other ease only a 
more homogenous black layer and a small part 
of an emerging grey layer underlying a grey soil 
formation. 

In eonelusion we ean observe that in layer 
XXIV we find the same tendencies for superpo- 
sitioning of layers, except for burnt bone layers. 
Fire struetures seem to have the same trends: ash 
and grey layers are positioned mostly over black 
layers and in some eases over red ones. This 
seems in conformity with heat transfer phenom- 
ena and the thermal transformations observed in 
our experiments. Reddish soils are more easily 
detected in this part of the site and seem to have 
a different nature here. The two largest ones may 
be the remains of a soil formation that might have 
interrupted anthropie deposition in layer XXIV 
and that became thermal oxidates under the ae- 
tion of the first fires ignited on it. Except for this 
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partieular ease, the dimensions of fire struetures 
in this layer seem to be smaller than those of fire 
struetures in layer XX. 

The Dynamic of Fire in Layer XXIV in 
Comparison to Layer XX 

The analysis of the stratigraphie sequence of 
layer XXIV shows that the intensity of the use 
of fire is not exactly the same in this seetion of 
layerXXIV asthatobservedinlayerXX. Thisean 
be seen easily from the analysis of the surfaees 
occupied in the vertieal area of the profile studied 
(Fig. 18.22). Here the intensity “I” index for ash 
layers is I = 0.22 and for the reddish layers is I = 
0.03. Even the grey layers and black layers show 
an inerease in their 1 indexes; here the grey layer 
index is equal to I = 0.16 while in layer XX it has a 
value ofl=0.06, and the index forhlaek layers goes 
from I = 0.16 in layer XX to I = 0.5 for layer XXIV. 
This progression is accompanied by a reduction 
in the mean surfaee area of individual layers but 
an inerement in the number of ash layers, reddish 
layers, grey layers, andblack layers in layerXXIV. 
Thus, in terms of relative surfaee areas, we have 
more ash layer fire struetures in layer XXIV than 
in layer XX, but these fire struetures have smaller 
dimensions. This it is not the ease for the reddish 
layers that are a little bit larger than the reddish 
layers from layer XX. Along with this, the I index 
is significantly reduced for the burnt bone layers, 
decreasing here to 0.07, compared to a value of 
0.54 in layer XX. As we just saw, these ehanges 
are accompanied by a reduction in the mean area 
occupied by individual ash layers, indicating that 
the frequency of the use of fire was greater here, 
although this is accompanied by a reduction of the 
dimensions of eaeh fire strueture. As we see, the 
larger total area of ash layers could be explained 
by fire intensity (eonstant duration at the same 
temperature) in one speeifie plaee. Black layers 
and grey layers have also small mean dimensions 
of their surfaees. This greater intensity of the use 
of spaee for fire is easily seen by applying the 
same methodology used to analyze the use of fire 
in layer XX, both in 3D and top view of the model 
representation (Figs. 18.23-18.24). 

In this part of the profile of layer XXIV, we 
could ohserve different kinds of groupings of ash 
layers in the stratigraphie sequence. Amajority of 
these groupings are of two ash layers at the same 
level, but we ean see also two combustion areas 


with assoeiations of three or four ash layers. As 
in layer XX, many pairs of ash eoneentrations 
show different patterns of organization. In some 
eases, these fire struetures are in eontaet, and in 
other eases they are separated to a vary ing degree. 
Finally, there is also one ease of juxtaposition 
of fire struetures. Thirteen eomhustion areas of 
different dimensions, constituted by 31 ash layers, 
are superposed or intercalated, with nine isolated 
fire struetures. 

As we ean clearly see in Fig. 18.24, all these 
fire struetures extended over a relatively smaller 
extent of the profile in the E-W axis. The dis- 
tanee between the most separated struetures at 
this level in the profile is here 123.2 em, while it 
was 300 em in layer XX. This eorrohorates our 
interpretation of a greater intensity of the use of 
spaee for fire and agrees with the larger values 
observed for the vertieal surfaees (I Index) in 
the layer XX profile that we presented above. 
As just discussed, the ash layers in layer XXIV 
have smaller dimensions than those of layer XX. 
The mean area of individual ash layers is 23.75 
sq em while their mean thiekness is 1.8 em. The 
minimum area observed was only 0.57 sq em 
and the largest one 111.44 sq em. Their width 
ranges between 2.23 and 78.3 em, but in most of 
layer their width is between 10 and 30 em. If we 
take into aeeount their groupings, the width of 
the eomhustion areas that ineorporate more than 
one ash layer rises from 21.7 em to 87 em. This 
range in width is greater compared to layer XX, 
where it was between 39 and 65 em. The mean 
width for these eomhustion areas in layer XXIV 
is a little larger (54.3 em) than that observed in 
layer XX (51.33 em). 

One interesting faet is that the internal sep- 
aration between the fire struetures in a combus- 
tion area is clearly larger for layer XXIV (mean 
distance of separation 18.4 em) than for layer 
XX (mean distance of separation 9.25 em). The 
greater separations in layer XXIV reaeh 53 em, 
while in layerXX the maximum distance is 14 em. 
Seven groups of struetures are separated in layer 
XXIV by more than 25 em (Figs. 18.25-18.27), 
and these internal distances inerease over time 
from the bottom to the upper part of the studied 
sequence. This inerement in internal separation in 
the upper part of the sequence could be related to 
being above and unconstrainedby the large stone 
that limited the spaee availahle for oeeupation in 
thehottompartofthe sequence. Thus, more spaee 
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Fig. 18.22.1 index ehanges between layer XX and layer XXIV studied profiles. 



Fig.18.23.3D sehematie model of ash layers from layer XXIV, right rear and lower right rear position. 


was availahle for the installation of Neanderthal 
aetivities related to fire in the same part of the 
site. 

But this data is also relevant for interpretation 
heeause we ohserve here a great intensity in the 
use of spaee for fire, but nonetheless a difference 
in the arrangement of the struetures, which are 
grouped by pairs that are more widely separated in 
layer XXIV even though the spaee was larger and 


less constrained in layer XX, given the ahsenee of 
large roeks that limited spaee use. This difference 
could imply a different funetion for these group- 
ings, or a different mode of funetioning, which 
led to the introduction of a small difference in the 
arrangement of pairs over time as a funetion of the 
availability of spaee. If we take into aeeount the 
different observed arrangements in eomhustion 
areas eontaining paired struetures, we ean note 
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the following different kinds of organization: a 
juxtaposition of struetures, two layers in eontaet 
position, and two ldnds of separations between 
pairs, a smaller and a larger one (Figs. 18.25- 
18.28). These different kinds of organization 
might imply different kinds of aetivities related 
to the use of fire that we will have to explore by 
other methods. 


The E-W horizontal displacement of in- 
dividual ash layers in layer XXIV runs from 
0.2 to 102.9 em, with a mean displacement of 
32.4 em. This mean is similar to that in layerXX 
(32.2 em), but has a higher standard deviation. 
Their stratigraphieal vertieal separation ranges 
from 0.11 em to 7.06 em, with ameanof2.85 em 
(see Appendix). 


Modelling ash surfaees of CrvenaStijena sampled layers 


Layer XXIV 



300 em 



Fig. 18.24. Top View of the position of fire struetures in the profiles of layer XX and layer XXIV; the 
diameter of the eireles represents the width of eaeh fire strueture in the profile. 
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The sequence in this part of layer XXIV is 
more difficult to estahlish heeause of the great 
superpositioning of small anthropie layers of 
different kinds observed in the profile. It hegins 
with the presenee of two isolated fire struetures 
(Fig. 18.25). The first one (Ashes 24-41, see 
Appendix), which has a diameter of 14.25 em 
and a thiekness of 1.8 em, is situated near a large 
stone over a hlaek layer and shows an inelination 
of-18.31°. The second one (Ashes 24-34) is a 
very little strueture only 6.24 em in diameter and 
1.3 em in thicknesspositioned 39.47 em to the W 
with an inelination of-14.50°. 

This first strueture is covered by a hlaek layer 
over which lies a first eomhustion area made up 
of four ash layers: Ashes 24-35, Ashes 24-33, 
Ashes 24-25, Ashes 24-24 (see Appendix). This 
eomhustion area (in blue in Figs. 18.25-18.26) has 
a diameter of 43.9 em andeonsists of four layers 
with widths of 13.12 em, 7.69 em, 14.48 em and 
7.78 em from W to E. These four layers show a 
minimal inelination of-1.86°. Similar to what 
we observed in layer XX, the first of these layers 
Ashes 24-35, is very different in thiekness from 
the other three ash layers. It reaehes 3.9 em in 


thiekness, while the other three struetures are 
1.6,1.8, and 1.3 em thiek, respectively. The first 
of the four struetures is separated by a spaee of 
2.5 em from the second one, Ashes 24-33, while 
the second and the third struetures are in eontaet, 
and the third strueture, Ashes 24-25, overlaps the 
fourth one, Ashes 24-24 at the east end of the area 
(Figs. 18.25-18.26). It is interesting to note here 
that the two smaller struetures show underlying 
thermally altered soils, a reddish layer for the 
strueture situated at the east and a grey layer 
for the strueture situated at the west of the area, 
while the larger ones do notpresent these eharae- 
teristies. This could imply the existence of small 
heat eenters that reached elevated temperatures 
(more than 500°C) which have larger struetures 
where fire was kept at lower temperatures. The 
superpositioning of ash layers that integrate this 
eomhustion area could indicate the reuse of the 
spaee within a very short period, which did not let 
the formation of new anthropie layers take plaee. 
The small areas are here situated to the east of 
the larger ones. 

This eomhustion area was covered by a 
hlaek layer that separates it (1.8 em) from a new 



Fig. 18.25. Assoeiation of fire struetures (ash layers) as a funetion of their stratigraphie position for 
layer XXIV; similar eolors indicate stratigraphie assoeiation. 
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combustion area(inorange inFigs. 18.25-18.26) 
made by of two ash layers (Ashes 24-23 and 
Ashes 24-22) of different dimensions that are 
situated to the east of the first assoeiation of ashes 
and has no inelination. This eomhustion area, 
which is displaced 37 em to the east, has minor 
dimensions, only 28.8 em in width, and eontains 
two ash struetures, one on the west of 12.6 em 
diameter and the other situated 9.5 em to the east 
that is only 6.7 em in diameter. Their thiekness 
is 1.2 em for the smaller strueture and 1.6 for the 
larger one. The relevanee and signifieation of this 
little strueture (Ashes 24-23) with a diameter of 
only 6.7 em, which could be interpreted as the 
remains of an excavated strueture, lies in the faet 
that, here again, the little strueture shows a ther- 
mally altered soil underlying the ash layer. Here 
this soil is characterized by a reddish oxidation, 
as was the ease for one of the two little struetures 
observed in the preceding area. 


After these first two fire struetures, we ohserve 
a new eomhustion area (in green in Figs. 18.25- 
18.26) made up of two ash layers (Ashes 24-32 
and Ashes 24-38) of larger dimensions, situated 
on the west side of the profile. This eomhustion 
area is 59.3 em in diameter and was displaced 
63.4 em to the west. lnside this area, the west 
strueture (Ashes 24-38) is 24.95 em wide and 
the east one 34.48 em. Their thiekness is also 
greater, the larger strueture situated on the east 
having 3 em and the smaller one 2.8 em. Both 
struetures are in eontaet at the same level and fol- 
low the eurvature formed by an underly ing stone, 
showing an inelination of 1.28°. It is important 
to note that this eomhustion area was still visihle 
beyond the profile where a zone ofdisturbed ashes 
was horizontally dispersed. This area overlay a 
grey and a black layer and was covered by two 
different grey layers, one associated with eaeh 
ash strueture. 


Modelling ash surfaees of Crvena Stijena sampled layers 



0_ 1.0 1.2 1.3 1.5 M 


Fig. 18.26. Model top view of the assoeiation of the first fire strueture group in layer XXIV. 


Modelling ash surfaees of Crvena Stijena sampled layers 

69.4 



Fig. 18.27. Model top view of the assoeiation of the second fire strueture group in layer XXIV. 
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Fig. 18.28. X eenter position, width, and thiekness in time relative to the profile studied for layer XXIV. 


A small, isolated strueture (Ashes 24-40) is 
situated over the ash layer located on the west 
and interrupts the sequence of eomhustion ar- 
eas. This little strueture, which is only 4.4 em 
in diameter and 0.4 em thiek, is 2.59 em ahove 
the grey layer and in a hlaek layer that separates 
both struetures and eovers the west strueture of 
the eomhustion area just described as well as 
this little strueture. This ash layer is displaced 
23.32 em to the west of the eenter of the preced- 
ing area but is situated only 1.42 em to the west 
of the western ash layer of the preceding area. 
The nature of this ash layer remains uneertain, 
positioned near a vertieal disturbance that was 
found in the profile, it may be only the remains 
of a destroyed strueture, or a small aeeumulation 
of eomhustion ashes left on this part of the site, 
or, finally, the emergenee of an ash layer that is 
still inside the profile. To eomplieate our analysis, 
this ash layer does not respeet the general form of 
the hlaek layer that eontains it, and is positioned 
horizontally, hringing to the fore a hreak in the 
sequence of deposition of the eomhustion debris 
that eonstitutes the hlaek layer. Unfortunately, its 
small volume does not allow us to include it in 
our analytical procedure. 

Continuing the sequence, a new pair of small 
ash layers (Ashes 24-37 and Ashes 24-36) eover 
this last area, forming a new eomhustion area (in 


pink in Figs. 18.25-18.26), and mark the heginning 
of a new sequence of five eomhustion areas that 
are displaced to the east. This area oeeupies a zone 
of 21.7 em width in which there are two struetures 
6.60 and 14.56 em in diameter. These two ash 
layers are nearly in eontaet and are separated by 
only 0.4 em. They are relatively thin, with thiek- 
nesses of 1.1 and 0.9 em. Here, contrary to the 
other eases observed, the thinner strueture is the 
largerone (Ashes 24-37). The smaller strueture is 
situated to the east, and the area is more inclined 
(-9.95°) than the preceding one. 

This last area is covered by a new one eon- 
sisting of two ash layers (Ashes 24-31 and Ashes 
24-3 lb), 14.55 em and 18.75 em in diameter that 
form a eomhustion area 33 em wide in the profile 
(in lighthlue in Figs. 18.25-18.26). These two lay- 
ers are significantly different in their eonstitution. 
The west one (Ashes 24-3 lb) is characterized by a 
mixture of white ashes, ehareoal, and carbonized 
bones, and the east one is composed of ashes of 
different grain sizes but with smaller amounts 
of ehareoal and carbonized bones. Both strue- 
tures eonverge at a eentral depression, forming 
a concavity that was covered by grey and black 
layers. This form, which seems to accompany a 
depression in the anthropie layers, is an atypical 
form for the ash layers observed both in layer XX 
and layer XXIV. 
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Overly ing the black and grey layers that eover 
this eomhustion area we find a new area that eon- 
tains three ash layers (Ashes 24-21, Ashes 24-27, 
and Ashes 24-30, in red in Figs. 18.25-18.26) that 
oeeupies a zone of 87 em width, always in the 
E-W axis, and whose eenter was displaced 35 em 
to the east. The dimensions of this area are the 
largest observed in the whole profile. As we ean 
see, the use of fire occupied nearly all the area 
availahle in this part of the site for fire aetivities. 
These three struetures heeome larger from west to 
east. The western one (Ashes 24-30) is 14.16 em, 
the eenter one (Ashes 24-27) 25.88 em, and the 
eastern one (Ashes 24-21) 44.68 em in diameter. 
The three struetures are separated by very small 
distances, 0.7 and 1.8 em, and have thieknesses 
of2.1, 2.4, and 2.1 em, which raises the question 
of their original continuity. This area shows an 
inelination of 2.63°. The two larger struetures 
situated on the east eover a big and uniform grey 
layer of thermo-altered sediment underlying the 
strueture that reaehes 2.8 em in thieleness, while 
the western one eovers a sueeession of grey and 
black layers where the thiekness of the grey layer 
is less. The ash eoneentration situated on the east 
also shows an internal stratifieation where the 
ashes ehange in eolor from grey to white and from 
white to light brown, that shows similarities to 
the big strueture in layer XX already mentioned. 
Other aetivities could not take plaee to the east 
of the strueture heeause of the presenee of a large 
stone there; thus, in this ease aetivities here could 
not have followed the elassieal model of a eireular 
disposition around fire but must be have been 
displaced to one side of the fire strueture, to the 
west, north, or south. 

On the west side of the profile, this large 
eomhustion area was covered by a sueeession of 
struetures of small or medium size. Therefore, 
after the eonstruetion of this large strueture, 
fire-related aetivities eontinue to take plaee in the 
same zone but occupying smaller surfaees. First, 
two little ash struetures (Ashes 24-20 and Ashes 
24-29) having diameters of less than 10 em (9.83 
and 8.6 em) eame to replaee the large strueture 
in this part of the site (in yellow in Figs. 18.25, 
18.27), forming a eomhustion area of 39 em that 
has an inelination of 9.58°. The eenter of this area 
is displaced 16.4 em to the east. The thiekness of 
these two ash struetures is very similar and are 
among the thinnest of the entire sequence, 0.6 
and 0.7 em. These struetures are installed over 


a grey and a black layer of thin dimensions, that 
vertically separates both struetures by 1.5 em from 
the large strueture. Flowever, the east extremity of 
the eastern ash layer is in eontaet with the ashes of 
the underlying large strueture, showing that these 
two struetures may be the result of a contemporary 
re-utilizationofthespaceforcombustionpractices 
above the earlier strueture. 

These two small struetures were coveredby a 
black and a grey layer ha ving a variahle thiekness. 
Over this black layer, a new combustion area 
51.5 em in diameter was detected, composed of 
two large, juxtaposed ash layers (Ashes 24-19 and 
Ashes2426)(inpurpleinFigs. 18.25,18.27) that 
have different dimensions and fonns. This new 
area was displaced 44.7 em to the east and is still 
centered overthe large strueture described above. 
It has an inelination of 6.73°. The two struetures 
are 27.91 (Ashes 24-19) and 28.36 em (Ashes 
24-26) wide, with thieknesses of 4.2 and 1.7 em, 
respectively. The eastern strueture is partially 
superimposed on the western one. This latter is 
formed of two parts with its thiekness strangled 
in the middle, forming a bi-lobal strueture. This 
deformation was present in other ash layers, but 
not so marked as in this example. This deformation 
of some layers could be the result of taphonomie 
proeesses but is a deformation originating from the 
lower part of the lay er and not from the upper part. 
This repeated eharaeteristie leads us think that this 
phenomenon could be related to heat penetration 
of the soil. If, as we suppose, these ash layers 
could be the result of thermal alteration of soil, 
these forms could be explained by a differential 
penetration of heat eoming from a displacement 
of the heat eenter in the fire strueture during its 
utilization, thus ereating the existence of more 
than one eenter of heat during the funetioning 
of the strueture. Contrary to this hypothesis we 
could argue that some of these ash layers have a 
convex aspeet to their upper surfaee. These eon- 
vex forms are eonsistent with ash aeeumulations 
eoming from combustible debris in fire struetures. 
As we ean see, the eastern ash layer that partially 
overlies this strueture is a flat layer and does not 
present this kind of deformation. 

This eomhustion area was covered again by 
a grey layer and by a black layer, and over the 
black layer we find a new combustion area having 
a diameter of 54.7 em (in green in Figs. 18.25, 
18.27). This new area is displaced to the east of the 
last described area and it is partially superposed 
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above it. Two ash layers (Ashes 24-17 andAshes 
24-18) that are 19.40 and 12.88 em in width, 2.7 
and 1.3 em in thiekness, and separated by 25.4 em 
eonstitute the eomhustion area. This area is the 
first one having a large separation and initiates a 
ehange in the organization of eomhustion areas 
in the profile, which eontinues in the upper layers 
above the big reddish soil layer and the big and 
eontinuous ash layer that mark an interruption 
in this sequence and are described below. These 
two ash layers eontinue the displacement to the 
east, and here the eastern strueture is in eontaet 
with the roek that limits the spaee which seems to 
be deformed in an are, following the form of the 
roek. It is important to note that the roek under 
this layer shows traees eonsistent with thermal 
alteration: fraetures and fissures, and also a white 
discoloration in relation of the rest of the roek. 
This indicates the effeet of fire on the roek under 
the ash layer and heat transfer from above. No 
reddish zone was detected here. 

We must mention here that at the west of the 
profile an isolated strueture was detected (Ashes 
24-16), having a width of 19.90 em and a thiekness 
of 2.1 em. This strueture is positioned directly 
under a reddish layer of large dimensions and 
eovers a thin black layer and a very thin reddish 
layer, but eannot be connected stratigraphically 
to the last eomhustion area due the presenee of a 
vertieal disturbance in the profile. 

Covering this last strueture and also a great 
part of the profile we ohserve a new large and 
unique ash strueture (Ashes 24-11, in black and 
white in Figs. 18.25, 18.27) overlying a reddish 
layer having similar dimensions. This reddish 
layer, formed on the west of the profile, signals 
the formation of a different kind of soil that 
indicates a partial interruption in the proeess 
of deposition of anthropie layers in this part of 
layer XXIV. This ash layer occupied an area that 
is 78.3 em wide and has a thiekness of 3.1 em. 
This strueture has a resemhlanee to the combus- 
tion area eontaining three ash layers observed 
before, both in its diameter and thiekness. Its 
greatest thiekness is clearly related to the zone 
where the reddish layer also reaehes its greatest 
thiekness. This phenomenon could be related to 
the intensity of fire and the temperatures reached 
in this part of the fire strueture. This strueture 
does not eontinue to the east, and a black layer 
and a burnt bone layer eontinue the ash layer. 
Finally, we ean mention that very different layers 


eover this strueture, showing that other debris 
aeeumulations often have dimensions similar 
and perhaps related to fire struetures in this part 
of the site. 

This large layer was partially covered by the 
formation of a burnt bone layer that indicates 
another ehange in the organization of the man- 
agement of the debris in layer XXIV. 

Here again the question is raised of the pos- 
sible funetions of this kind of large strueture, 
eomparing them to the dimensions of the other 
struetures observed in the profile. Struetures of this 
diameter are frequently observed both as eentral 
fires for eooking within the spaee of a hahitat or 
as external ones that are for specialized aetivities. 
The important oxidation of the underlying sedi- 
ment could imply a more prolonged and regular 
utilization of this strueture. This is the ease also 
for the grey layer that was observed underlying 
the other larger area described above and having 
three ash layers at the same level and in a very 
orderly position. The difference in eolor here may 
be due to the eonstitution of the underlying sedi- 
ment which could respond differently to thermal 
alteration (reddish vs. grey). Otherwise, it seems 
that these two areas had different uses. 

Above this large strueture, we ohserve a ehange 
in the distribution of ash layers. We ean see four 
eomhustion areas having similar organizational 
eharaeteristies. These eomhustion areas are ehar- 
acterized by an arrangement in pairs, where the 
fire struetures are separated by more than 30 em, 
forming two vertieal aeeumulations of fire strue- 
tures that show a very little displacement in their 
horizontal position (Fig. 18.25). The width of these 
areas is between 62.8 and 80.5 em, showing larger 
dimensions in eomparison to the paired struetures 
in the lower part of the studied profile. Even if 
these arrangements have similar dimensions to the 
eomhustion areas made of pairs of ash layers that 
were observed in layer XX, the difference is the 
distances between the paired struetures in eaeh 
area. We must rememher that in layer XX the 
pairs of ash layers varied in their positions, being 
in eontaet, juxtaposed, or separated, while in this 
part of the sequence of paired eomhustion areas 
all the struetures are horizontally separated. The 
arrangement of the thinner layers that vertically 
separate these different struetures shows a regular 
dynamic in the use of spaee that could suggest 
that they were deposited over a short time. Again, 
these layers have an organization where a bigger 
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strueture is accompanied by a smaller one that in 
this ease is situated systematically on the east in 
the profile. 

These paired eomhustion areas are repre- 
sented in blue, violet, dark red, and light blue in 
Figs. 18.25,18.27. Their diameters are, fromthe 
lowest to the top, 70, 62.8, 72.1, and 80.5 em. 
Two ash layers (Ashes 24-9 and Ashes 24-15) 
of 8.8 and 30.05 em diameter with thieknesses 
of 2.1 and 1.9 em respectively and a separation 
of 31.5 em eonstitute the first area. The second 
area is displaced only 1.8 em to the west and is 
made up of two ash layers (Ashes 24-8 and Ashes 
24-14) that have diameters of 8.6 and 17.34 em, 
thieknesses of 1.9 and 0.5 em, and are separated 
by 37.8 em. The third area is displaced 10.2 em 
to the east and eonsists of a pair of ash layers 
(Ashes 24-7 and Ashes 24-13) having diameters 
of 23.21 and 10.92 em, thieknesses of 2.4, and 
0.5 em, and are separatedby 37.8 em. Finally, the 
fourth area is composed of two layers (Ashes 24-6 
and Ashes 24-12) that are relatively more equal 
in their dimensions, being 18.41 and 16.96 em in 
diameter, 2.1 and 1.3 em thiek, and are separated 
by 33.9 em. Throughout this sequence there is 
very little inelination of eaeh pair, namely 0.82° 
0.19°,-0.69°, and -0.79°. 

Variouspossibilitiescould explainthispartic- 
ular and reeurring organization of ash layers. One 
of them is that one of eaeh pair of aeeumulations 
corresponds to the fireplaee and the other with the 
evaeuation of combustion debris. Alternatively, 
in the ease of these aeeumulations eoming from 
flatfire struetures, these structurescouldbe repre- 
sentative of combustion events that involved the 
use of two fires at some smaller or larger distance 
from eaeh other. 

Similar examples of small paired fire strue- 
tures, exhibiting two or more rounded areas and 
showing asymmetry, were observed in layer D2 
of the Mousterian site of Mujina Peeina in Croatia 
(Karavanie 2007). The fire struetures have similar 
dimensions and are situated at 2 or 4 meters from 
the entry to the shelter. The different dimensions 
of these fire struetures could be explained by a 
different arrangement of wood for the fire. A 
radial disposition of wood ean occupy a larger 
spatial surfaee than the traees that this strueture 
will ereate in the underlying soil. On the contrary, 
a parallel and transversal organization of wood 
branches transforms the soil surfaees in propor- 
tional relation to the length of the branches used 


(Mareh et al. 2014). Another possibility is that we 
have two kinds of struetures, one for the fire itself 
where flames ean be used for different funetions 
and the other for embers, as we just mentioned. 
In this ease, the heat produced by eaeh strueture 
could be different. At Crvena Stijena, however, 
most pairs of ash layers are situated over black 
layers and only one pair over a gray layer, showing 
that the temperatures reached by these struetures 
individually and in pairs are similar. A second 
possibility is an alternating use of the struetures 
in eaeh pair, moving fire to the east or the west 
at the same level, pivoting the activity following 
this axis. The eooking hypothesis for one or both 
struetures could be also an explanation for this 
reeurrent use of the spaee and could be explored 
by the analytical procedures proposed below. 

Last but not least, we ean bring up the possi- 
bility that these paired struetures were related to 
the internal organization of the oeeupation. The 
fire struetures studied are situated in the lower 
part of the shelter and are distributed along an 
E-W axis, parallel to the back wall of the shelter 
(Figs. 18.29-18.30). Thus, these fire struetures 
could enelose a restricted spaee in the part of the 
shelter between the wall and the entranee. Then 
the possibility exists that these fire struetures were 
related to a delimitation of the internal spaee of 
the shelter for living or sleeping. For example, 
there are other eases in eaves/roekshelters where 
fires were thought to be near a plaee reserved for 
sleeping, sueh as the Perigordian and the early 
Aurignaeian 1 levels at the Abri Pataud (Movius 
1975,1977; Binford 1983). In Crvena Stijena the 
beds could be disposed along the same axis but 
behind the fires, or, in some eases, between the 
fire struetures. Further investigation and analysis 
of the documentation from the first excavations at 
Crvena Stijena are needed to test these hypothe- 
ses, which could serve as a basis also for future 
excavations and researeh programs. 

Following this sequence of paired strueture 
aeeumulations, the use of fire shows a different 
pattern. We now find a series of individual strue- 
tures that are dispersed in spaee. This ehange 
coincides with the moment when the large stone 
situated on the east side of the profile became 
covered by sediments. At this moment, available 
spaee was thus enlarged and struetures could be 
displaced to the east. 

The first individual strueture (Ashes 24-39, 
indarkgreen inFigs. 18.25, 18.27) ispositioned 
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in the west of the profile and is situated over a 
reddish layer that eovers an ash layer that is part 
of the last pair described for the last sequence. 
It is interesting to note that here the individual 
ash layer has smaller dimensions (width 11.9 and 
thiekness 0.9 em) than the underlying reddish 
one (width 23.45 em and thiekness 2.2 em). This 


ash layer is covered by a hlaek layer that has 
the same dimensions, and the whole sequence 
is then covered by a grey soil that oeeupies an 
extended surfaee in the profile. This strueture is 
thus positioned at a first interruption, marked by 
the presenee of the reddish, oxidized layer, of the 
anthropie sedimentary proeesses that eharaeter- 



Fig. 18.29. Position and orientation of the fire struetures analyzed in this ehapter (layer XX and layer 
XXIV) in the interior spaee of Crvena Stijena. 
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Fig. 18.30. Detail of the position of fire struetures analyzed (layer XX and layer XXIV) in this study 
in the lower part of the site. 


ized the series of ash layers that we described 
ahove. 

After this sequence we see a hreak in the 
presenee of ash layers in the profile that is ehar- 
acterized by a hiatus of 8.125 em in the sequence 
of sediment formation. This hiatus is characterized 
by a grey soil, a hlaek layer, and a grey layer. 
After this interruption, we find a sueeession of 
6 isolated ash layers that are situated at the east 
of the profile (Figs. 18.25, 18.28). The first three 
layers of this sequence of isolated fire struetures 
(Ashes 24-10, Ashes 24-2, and Ashes 24-1) are 
interspersed by hlaek or hurnt bone layers. These 
three struetures have similar dimensions. Their 
widths are 11.9, 16.04, and 14.18 em, and their 
thieknesses are 1.5, 1.9, and 1.3 em. These three 
layers also have important inelinations, following 
the deformation of the layers observed in this part 
of the profile: -27.44°, -29.45°, and -18.55°. 

The other three layers (Ashes 24-5, Ashes 
24-4, and Ashes 24-3) present in the upper part 
of this sequence show important deformations 
that could be related to the pressure exerted by 
a series of roeks that fell from the roof of the 
shelter. These three layers are characterized by a 
massive dark sediment that envelopes them, but 
they are situated in a zone of eompression where 
the stratigraphy is unelear. 

In this last portion of the sequence, we ean 
ohserve that when spaee is more open the organi- 
zation of fire in this part of the shelter is modified. 
If we eompare these ohservations to those from 
the layer XX, we ean see that in layer XX, where 


a larger spaee was availahle, the fire struetures 
were distributed in pairs. Therefore, the presenee 
of a larger spaee was not necessarily linked to the 
oeeurrenee of individual and isolated struetures. 
Evidently the human groups that were living in 
layers XX and XXIV were not the same and did 
not necessarily have exactly the same hehavior 
in relation to spaee. Flowever, as we have seen, 
there are some similar trends, even if they are not 
exactly the same. Taking this ohservation into 
aeeount, it may be possihle that the funetion of 
fire struetures and the use of spaee could have 
changed in the last part of the sequence of the 
layer XXIV oeeupation period. 

Five reddish layers were observed in layer 
XXIV. As we have said previously, this kind of 
layer is directly related to the aetion of heat on the 
soil, given the presenee of a kind of sediment that 
ean be oxidized (Figs. 18.31-18.32). As we ean 
see in Figs. 18.27 and 18.28, the reddish layers 
are associated with the position of ash layers in 
four of the five eases. The only ease where this 
assoeiation is ahsent is related to a zone where we 
observed a disturbance in the profile and where 
the reddish layer seems to be a remnant of a layer 
conserved in the disturbed zone. 

The dimensions of these five layers are 
greatly variahle. Three of them have very small 
dimensions and are present in the lower part of 
the sequence. Two of them, Reddish layer 24-23 
and Reddish layer 24-3, are situated on the east 
of the profile under two small ash layers and were 
less than 10 em wide (5.65 and 9.25 em), with 
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similar thieknesses of 0.9 and 1 em respectively. 
These two struetures are situated undertwo small 
ash layers that form parts of two eomhustion 
areas, one characterized by the presenee of four 
ash layers and the other by two ash layers in the 
lower part of the profile (Figs. 18.31-18.33), and 
demonstrate that these small ash layers are in 
some eases linked to the in situ aetion of fire. 

The third reddish layer is situated on the west 
of the profile (Reddish layer 24-5) in the disturbed 
zone and also has small dimensions, 5.48 em wide 
and only 0.3 em thiek. This layer, which is situated 
between two grey layers, is not in eontaet with 
ashes or a black layer and could be considered 
as a remnant of disturbed oxidized soil that is 
situated under a grey layer, a phenomenon that 
was observed previously in layer XX. 

The two other reddish layers are in situ and well 
preserved. They are also significantly different 
(Figs. 18.31-18.33). One of them is the largest 
red layer of the entire sequence (Reddish layer 
24-1) with a width of 84.08 em and a thiekness 
of 4 em. This layer marks a break in the sequence 
of anthropie deposits in layer XXIV, eovering a 


big black layer and being covered by the biggest 
ash layer recorded in layer XXIV (comparable 
to Strueture 3, reddish soil of layer XX). This 
reddish layer has a larger surfaee than all the 
ash layers observed in this part of the profile. As 
we mentioned in presenting the ash layers, it is 
interesting to note that the ash layers eovering 
these reddish layers have smaller dimensions 
than the oxidized underlying zone, contrary to 
the situation in layer XX. But in this ease these 
differences are less, and the two layers have more 
similar dimensions. Therefore, the ashes in this 
ease seem to not be so dispersed over the oxidized 
surfaee. These ashes seem to be more important 
near the position where the reddish layer is also 
thieker; at this spot the reddish zone has a profile 
that could refleet the transmission of heat to the 
underlying soil, completely altering it to this great- 
er thiekness. Although the difference observed in 
the thiekness of this layer could have been caused 
by a displacement of the heat eenter in the aneient 
fire, it could also refleet a differential distribution 
of temperatures within the fire strueture, which 
must have been higher in the thieker area. 



0 0,10 

ruL 
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Fig. 18.31. Assoeiation of fire struetures (ash layers) and reddish layers (red massive pattern) as 
a funetion of their stratigraphie position for layer XXIV; similar eolors indicate stratigraphie 
assoeiation for ash layers. 
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Fig. 18.32. X eenter position of ash layers anel reddish layers from layer XXIV. 

Modelling ash surfaees of Crvena Stijena sampied layers 



Fig. 18.33. Modeled top view of ash and reddish layers from layer XXIV, with emphasis on the 
dimensions of the layers (black-white and red patterns, respectively); the diameter of the eireles 
represent the width of eaeh fire strueture. 


The last reddish layer is 23.45 em wide and 
2.2 em thiek (Reddish layer24-4), and is situated 
in the west part of the profile, eovering an ash 
layer, which is in turn covered by a second ash 
layer of small dimensions. In this ease again the 
ash layer only partially eovers the reddish one. 

Onee again we have not detected any pair of 
reddish layers in the sequence. This aseertainment, 
again raises the question of the related formation 
proeesses that lead to this result. In first plaee, we 


must remember that we did not observe any nat- 
ural soil which had two ash layers on it, one with 
oxidation and other one without it. This pattern 
is present when the paired struetures oeeur over 
black layers in layer XXIV or over grey layers 
in layer XX. In the ease of black layers in layer 
XXIV, this could bring us to think that we have 
here two kinds of fire struetures, one that rep- 
resents an in situ fire and the other an evaeuation 
of ashes into an area near the fire. Following our 
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experiments discussed earlier, when oxidation 
is present under a grey layer, we ean assoeiate it 
with heat penetration into a hlaek layer that was 
altered by fire. 

Anotherpossibility to explain the presenee of 
reddish layers between ash layers and hlaek layers 
is that small variations exist in the eompositions 
of the hlaek layers which provoke these different 
eolorations. Finally, anotherpossibility is related 
to the duration of funetioning of these fires, the 
longer the duration the easier it will be to find 
zones of eoloration in the underlying layer. Even 
if the eomhustion area is small, a more prolonged 
use could allow us to hetter detect the different 
transformations heeause a zone ehanging from a 
dark grayish brown eolor to a pale brown could 
emerge more clearly and, infused with humidity 
at the site, with a reddish eoloration. This layer 
could be impereeptihle with fires of short dura- 
tion without amieromorphologieal approaeh. We 
therefore ehose to sample some of these zones 
for elemental analysis in an attempt to verify or 
discard some of these possihle explanations. 

Moreover, it is evident that if we discard 
the possibility of in situ fires where the kind of 
reddish layers that emerged in our experiments 


are not observed, we would ohserve only a very 
small numher of in situ fires (four for layer XX 
and five for layer XXIV) and a great numher of 
deposits of ashes eoming from fires that must have 
been ignited in another part of the site. This would 
completely ehange the meaning and analysis of 
the intensity and the rhythm of the use of fire 
determined from the study of these profiles. 

Therefore, as for layer XX, we will proceed 
by sampling seven fire struetures from layer 
XXIV (Fig. 18.34) to hetter explain the nature of 
these different layers using a series of techniques 
(X-ray fluoreseenee, XRD, GC, GC-MS, and 
CG-C-IRMS). 

Preliminary Conclusions ahout the 
Dynamics of Fire in Layers XX and 
XXIV, prior to Analytical Results 

After the preliminary analysis of these se- 
quences we ean ohserve some trends and differ- 
enees in both layers XX and XXIV in this part 
of the shelter. First, all the eomhustion struetures 
must be classified as flat fire struetures. Only one 
flat strueture seems to lie in a natural depression 
in layer XXIV, but none show any signs of hav- 



Fig. 18.34. Sampled zones for the analytical study of layer XXIV. 
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ing been excavated. These flat fire struetures are 
spaced in time, showing alternation at any given 
plaee between fire aeti vities and the aeeumulation 
of debris eoming from other aetivities but mixed 
with eomhustion debris that eame from fire ae- 
tivities at other plaees in the shelter. 

So, although the entire layer presents traees 
of fire aetivities, different formation proeesses 
are represented. As we see from our experimen- 
tal results, the interpretation of the ash layers 
at Crvena Stijena must take into aeeount the 
possibility that some are not the result of the 
aeeumulation of eomhustion debris but may be 
burnt soils formed by the aetion of fire. ln the 
same sense some grey layers could be also the 
result of heat aetion. 

The ash layers in both sequences oeeur more 
frequently as pairs of two (or more) struetures than 
isolated singly in spaee. These paired struetures 
are aligned along an E-W axis, but we ean not 
conclude with certainty that there were not other 
orientations, given that our work follows the ex- 
cavated profile. This leaves open the possibility 
that the isolated struetures in some eases represent 
paired struetures that have a different orientation, 
for example N-S, and that the paired strueture was 
not detected. In layer XX we observed a sequence 
of paired struetures with an intercalated large and 
unique strueture that occupied a large part of the 
spaee. ln layer XXIV we have a similar proeess 
but in a more limited spaee and showing some 
variations in the arrangement ofpaired struetures. 
But here, contrary to layer XX, we ean observe a 
sequence of isolated struetures in the upper part 
of the profile. 

In some eases many struetures are aligned 
along the same axis, forming areas of three or four 
combustion struetures, which could be interpreted 
as the result of the modification of a larger layer 
that occupied the spaee and was divided into 
different eoneentrations by taphonomie proeesses 
that altered the ash eoneentrations. 

In the sequences of pairs we ean observe four 
different modes of spatial organization: eontaet 
between the pairs, separation oftwo degrees: pairs 
less than 16 em and pairs more than 24 em of apart, 
and, finally, juxtaposition. This last indicates a re- 
utilization of the spaee and a superposition of fire 
struetures within short periods. Beyond their spatial 
arrangement, we ean see different ldnds of paired 
struetures considering their size, combustion areas 
with both struetures of similar dimensions, and 


others ones showing a great dissimilarity. 

As we see, these paired struetures ean be inter- 
preted as two in situ contemporary or immediately 
sueeessive fire struetures, or an in situ fire strueture 
accompanied by an area of combustion debris. 
We could also see that the size of the struetures 
in this ease is not necessarily an indication that 
the larger ash layer was a in situ fire strueture, 
observing that smaller ones sometimes show elear 
stratigraphie assoeiations with oxidized soils that 
allow us to identify them as in situ fire struetures. 

Beyond these general eonelusions, we see 
also in layer XXIV that spaee limitations could 
ehange the dimensions and the distribution of fire 
struetures in spaee, with greater dispersion noted 
when the spaee is unlimited, as we see in layer 
XX. Looking at the dimensions and organizations 
of all kinds of layers, we ean also conclude that 
the intensity of the use of spaee was different 
between layers XX and XXIV, being more intense 
and presenting a greater dynamic in layer XXIV. 

lt is evident that this analysis made from the 
observation of the exposed profiles eannot take 
into aeeount all the riehness of information that 
couldbe obtained from these struetures following 
an extensive excavation. We are also perfectly 
aware that the dimensions measured canbe affeet- 
ed by the position of these struetures relative to 
theprofile. However, taking these limitations into 
aeeount, the analysis presented above seems to be 
the only way that we have to get a first anthropie 
reading on these struetures while waiting for their 
future excavation and analysis. Our experience 
analyzing other sites shows that the dimensions 
observed in the profile ean be used effectively to 
obtain a first analysis of sueh series of fire strue- 
tures, and we think that the results of this first 
modeling of the dynamic of fire in this extensive 
sequence has given a series of hypothesis that ean 
be used in the future to interpret the Neanderthal 
behavior related to fire at Crvena Stijena. At the 
same time, this first approaeh gives us a neees- 
sary arehaeologieal framework to interpret our 
further analy tieal work and allows us to refine our 
questions while trying to elucidate the different 
hypotheses evoked here. 

The Analytical Study of Sampled Fire 
Struetures in Crvena Stijena 

The objective of this part of our work is to 
better understand the nature, eomposition, mode 
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of funetioning, and use of the fire struetures of 
Crvena Stijena through seientifie analysis of their 
sampled sediments. To do this we proceed as 
follows: elemental analysis by X-ray fluoreseenee 
to determine the ehemieal nature and possihle 
eontents of eaeh sample, XRD analysis to analyze 
their crystallographic and mineralogieal eompo- 
sition, and finally GC, GC-MS, and GC-C-IRMS 
to determine their organie matter eomposition. 

As we said above, we have ehosen to study 
three different layers, two as examples of Nean- 
derthal oeeupation—layers XX (Mousterian with 
triangularpoints) andlayerXXIV (Mousterian)— 
and athirdone, layer XXIII, considered as sterile in 
terms of Neanderthal hearths and which is studied 
here as a “eontrol” for eomparative purposes. 
Layers XX and XXIV have been briefly described 
above, inthefirstpartofthisehapter. Layer XXIII 
is described by Morley (Chapter 7, this volume) 
as a layer marking a rupture in the lithology of 
the site, which has a matrix characterized by 
sub-angular to sub-rounded, eoarse sediments. 
In this layer the clay eomponent decreases, here 
giving plaee to a larger proportion of sand. It 
has low levels of organie matter and shows low 
magnetie values. The eolor ranges between 7.5 YR 
6/4 and 6/6, dull orange to orange. In this layer, 
bones and ehareoal decline to very low levels or 
are completely absent. These ehanges are related 
to a deterioration of elimate that changed the 


habitability of the site. Its carbonate eomposition 
is between 51.5 and 66.4 % which is considered 
here as the natural carbonate values for Crvena 
Stijena layers in this analysis. 

From layers XX and XXIV, we have ehosen 
to study several different fire struetures to eluei- 
date some of the questions we developed about 
the different kinds of layers, fire struetures, and 
combustion areas that we have described above. 

For layer XX we ehose to study the largest 
strueture, which gives us the opportunity by it is 
dimensions and thiekness to establish a sequence 
of samples following the internal stratigraphy 
of the strueture in a vertieal eolumn. We took 7 
samples from strueture 3 as follows (Figs. 18.1, 
18.35): 

Sample 1 - the upper black layer 
Sample 2 - the grey-black transition layer 
(grey layer) over ashes 
Sample 3 - the upper part of the white grey 
ashes 

Sample 4 - the reddish soil 
Sample 5 - white transition between reddish 
layer and black layer 
Sample 6 - grey layer 

Sample 7 - the black layer 2, lower black 
layer of strueture 3 

For layer XXIV we took samples from 7 
different fire struetures (Figs. 18.1, 18.36). First 
we wanted to study paired and multiple struetures 



Big strueture number 3 Sampled zone 




Sample 2 Grev black transition layer overlying ashe 


Sample 3 Upper part of white grey ashes 


SamDle4 Reddish lave 


Sample 5 White transition between reddish layer an d black la ye 
Sample 6 Grey laye r K3ftiQkjff*-> 

Samūle 7 Black laver2lTVii!£v** > ''* v 


Fig. 18.35. Detailed sampled zones for the big strueture 3 and upper layers in layer XX. 
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thatpresented a separated disposition and that lay 
over a black layer. From fire strueture 1 (Ashes 
24-18) we tooktwo samples, one fromthe ash layer 
and another one from the underlying black layer 
(24-5), and from fire strueture 2 (Ashes 24-27) 
we took three samples, one from the ash layer, a 
second one from a rodent hole that disturbed the 
strueture, and a third one from the same black layer 
24-5 underlying both struetures. Fire strueture 3 
(Ashes 24-21) was also sampled in a eolumn of 
three samples, one from the ash layer, a second 
one from the transition zone that corresponds 
to the underlying grey layer 24-4, and finally 
a third one from the black layer 24-5 situated 
under the grey layer. We also ehose to sample a 
combustion area with four ash layers, ehoosing 
from them ash layer 24-25 (fire strueture 4) and 
taking samples from the ash layer itself, from an 
anthropie hole that had disturbed the strueture 
ereating an artifieial division in the ash layers, and 
finally one sample from the underly ingblack layer 
24-9. Fire strueture 5 (Ashes 24-23) is the small 
member of a pair. This sample was accompanied 
by a second sample eoming from the underlying 
black layer 24-8. ln the same part of the profile we 
completed our sampling of paired and multiple ash 
eoneentrations with a combustion area in which 
two ash layers are in eontaet, ehoosing ash layer 
24-32 and the underlying black layer 24-27 (fire 
strueture 6). 

We also sampled the large ash layer in the 
middle of the profile (fire strueture 7; Ashes 24- 


11). Flere we took one sample from the ash layer, 
a second one from the reddish layer 24-1, and a 
third one from the black layer 24-3 that covered 
the strueture (Fig. 18.36). Finally, we took two 
samples from an ash layer from layer XXIV that 
presents different eharaeteristies of texture and 
eolor (fire strueture 8, identified variously as ‘li- 
monite white yellow’ or ‘ashes limonite’ below). 
This layer is not included in the profile presented 
and was taken from a deeper part of layer XXIV. 
Its texture was more “greasy” than the other layers, 
and its eolor was yellow-orange. Flere we studied 
two samples from the same layer to eompare the 
results at different plaees in the same layer. 

All these areheologieal samples were ae- 
companied by the study of two samples eoming 
from layer XXIII and which are considered here 
as representing the natural sediments and their 
organie eomposition that existed at the site when 
human oeeupation declined or ceased (Figs. 18.1, 
18.37). 

Table 18.9 gives the eomplete list of the 29 
samples studied. 

ElementalAnalysisbyX-rayFluorescence 

The elemental analysis of samples was done 
using a handheld XRF energy dispersive X-ray 
fluoreseenee speetrometer Niton™ XL3t 950 
Goldd+ in the laboratory. The samples were ana- 
lyzed after organie matter was extracted following 
the procedures described below. Before analysis, 
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Fig. 18.36. Detailed sampled zones for struetures 1 to 7 in layerXXIV. 
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samples were ground with a Fritseh™ planetary 
mill pulverisette 5 at 300 rpm three times (10 
min eaeh) in an agate reeipient to homogenize 
their eomposition. Analysis was performed three 
times at equal times of exposure (3 min) to ohtain 
a mean elemental eomposition. The results are 
expressed in pereentage of oxides for the prineipal 
eomponents and in ppm for the minor ones. 

DRX analysis of Mineralogieal 
Composition 

The characterization of the mineralogieal 
eomposition of different layers was performed in 
an Inel Equinox 1000 Benchtop X-Ray Diffrac- 
tometer. The samples studied are the same samples 
studied by X-ray fluoresenee. The powder sample 
was exposed to X-rays with a time lapse of 10 
minutes. Diffractograms were analyzed using the 
DRX library. (The X-ray fluoreseenee and DRX 
analyses were carried out at the analytic faeilities 
of the UMR 6566 CREAAH with the teehnieal 
support ofMikael Guivareh.) 


Organie Chemical Analysis and 
Moleeular isotopie Study 

Extraction and Separation 

Sediments of all samples were collected at 
the site with sterile spoons and put in aluminum 
foil before being stored in plastie bags to avoid 
eontamination with plasticizers. However, some 
samples in this study eontain plasticizer eontam- 
ination from previous eontamination at the site. 
Laboratory blanks were regularly analyzed in 
order to test for the absence of reeent eontami- 
nation of the analysis extracts. 

The samples were extracted twice with 60 mL 
to 300 mL (as a funetion ofvolume) of ehloroform/ 
methanol solution (2:1) by ultrasonieation for 90 
min at 40°C. The obtained solution (3 8% and 43%, 
dry weight of extract, of total sample weight) was 
then separated according to the method ofMcCar- 
thy and Duthie (1962) by eolumn chromatography 
on potassium hydroxide impregnated siliea gel 
(10 g). The neutral compounds were eluted first 
with ethyl ether (100 mL). 



Fig. 18.37. Detailed sampled zones for the limonite ash layer from layer XXIV. 
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Table 18.9. List of samples from fire struetures from Crvena Stijena. 


N° 

Layer 

Fire Strueture 

Number 

Description 

Mass (g) 

1 

XX 

Str 3 

Blackened soil 

120.12 

2 

XX 

Str 3 

Gray black superior layer that eovers the ash layer 
of the strueture 3 

109.00 

3 

XX 

Str 3 

Upper part of white grey ashes 

70.00 

4 

XX 

Str 3 

Reddish soil 

29.30 

5 

XX 

Str 3 

White transition (Between red and black) 

48.50 

6 

XX 

Str 3 

Grey soil 

120.02 

7 

XX 

Str 3 

Blackened soil bis 

76.56 

8 

XXIII 

Sterile 1 

Natural soil light brown 

120.00 

9 

XXIII 

Sterile 2 

Natural soil light brown 

120.08 

10 

XXIV 

Str 1 

Ashes (white sediment sample) 

54.64 

11 

XXIV 

Str 1 

Blackened soil 

45.50 

12 

XXIV 

Str 2 

Ashes 

82.32 

13 

XXIV 

Str2 

Blackened soil 

49.64 

14 

XXIV 

Str 2 

Rodent hole 

50.43 

15 

XXIV 

Str3 

Ashes 

66.45 

16 

XXIV 

Str 3 

Intermediate layer 

27.93 

17 

XXIV 

Str 3 

Blackened soil 

58.35 

18 

XXIV 

Str4 

Hole (anthropie) 

120.00 

19 

XXIV 

Str 4 

Ashes 

84.63 

20 

XXIV 

Str4 

Blackened soil 

37.08 

21 

XXIV 

Str 5 

Ashes 

30.41 

22 

XXIV 

Str5 

Blackened soil 

49.77 

23 

XXIV 

Str 6 

Ashes 

99.00 

24 

XXIV 

Str 6 

Blackened soil 

23.40 

25 

XXIV 

Str7 

Grey soil (Ashes) 

65.60 

26 

XXIV 

Str 7 

Blackened soil 

47.32 

27 

XXIV 

Str7 

Reddish soil 

120.00 

28 

XXIV 

Str 8 

Limonite white yellow layer 

120.01 

29 

XXIV 

Str8 

Limonite white yellow layer bis 

104.80 


The acidic compounds, eluted with 2% for- 
mie acid in ether (100 mL) were derived in their 
methyl ester by treatment with acetyl chloride 
in methanol solution for 20 min at 80°C. The 
neutral fraetion was further separated according 
to funetional group by eolumn chromatography 
(5 g of siliea) in four sub-fractions by elution with 
50 mL of heptane/ether mixtures of inereasing 
polarity (1:0, 3:1, 1:1, 0:1). Eaeh sub-fraction 
eontains, respectively, hydrocarbons, ketones, 
aleohols, and finally nothing in the samples from 
Crvena Stijena in the most polar sub-fraction. The 
separation of the neutral fraetion allowed better 
identification of minor eomponents. 


The three obtained sub-fractions and the acidic 
fraetion were then analyzed by gas ehromatogra- 
phy (GC) and gas chromatography coupled with 
mass spectrometry (GC/MS). 

Compounds were identified by their retention 
time within the GC, their fragmentation pattern 
within the MS, andby matehing their mass speetra 
to referenee speetra from the literature or from 
libraries (NBS75K and Wiley). 

GC Analysis 

The GC analyses were carried out with 
a Hewlett Packard (HP 6890 series) apparatus 
equipped with an FID detector at a temperature 
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of 250°C and with an HP-5 capillary eolumn 
((5%-Phenyl)-methylpolysiloxane, 0.25 mm 
internal diameter, 30 m length, 0.25 mm phase 
thiekness). Helium was used as earrier gas (1 mL/ 
min flow rate). The injection was made splitless 
at a temperature of250°C. The oven temperature 
was ramped from 40°C to 300°C at 4°Cmin 1 and 
held for 30min at 300°C. 

GC-MS analysis: 

The GC/MS analyses were carried out with a 
Hewlett Packard apparatus (HP 6890 coupled to 
an HP 5973 quadrupole mass seleetive detector) 
equipped with a DB5-ms non-polar capillary 
eolumn ((5%-Phenyl)-methylpolysiloxane, 0.25 
mm internal diameter, 30mlength, 0.25mmphase 
thiekness). The chromatography was carried out 
under the same conditions as the GC analysis. The 
MS was operated in the eleetron impaet mode at 
70 eV, souree temperature of 250°C, emission 
eurrent of 1 mA and multiple-ion detection with 
a mass range from 40 to 800 amu. (I would like 
here to thank my eollahorators who aided me 
in the preparation of this work as part of their 
professional formation: M. Gareia, R. Samson, 
E. C. Avalos-Perez, A. G. Fernandez-Lopez, and 
C. Guillou.) 

CG -C-IRMS Analysis 

Carbon-13 eontent of palmitie (C 16:0) and 
stearie (C18:0) acids in their fatty acid methyl 
ester form (FAME) was determined by gas-ehro- 
matography-combustion-isotope ratio mass spee- 
trometry (GC-C-IRMS) on an HP6890N (Agilent 
teehnologies, Hewlett Packard) interfaced with 
an Isoprime mass speetrometer (GV Instruments, 
Manehester, UK). Briefly, the effluent stream from 
the capillary GC eolumn enters a eomhustion 
furnaee where compounds are quantitati vely eom- 
busted to CO, and water. Water is then removed 
from the earrier stream using a cryogenic trap and 
the sample-derived CO, is then analyzed in the 
high preeision IRMS for its carbon-13 eontent. 
In both systems, temperatures in the interfaee 
and eomhustion oven were regulated to 350°C 
and 850°C respectively and earrier gas (He) was 
set at a eonstant flow rate of 1.2 mL/min. 

Separation of fatty acids methyl esters was 
performed on a DB-5MS capillary eolumn (J& W 
Seientifie, Courtaboeuf, Franee) with the follow- 
ing eharaeteristies: 30 m, 0.25 mm i.d., and 0.25 
pm film thiekness. Depending on eoneentrations 


ofFAMEs, samples were inj ected either in split or 
in splitless mode and analyzed at least in duplicate. 

In this study, the best ehromatographie eon- 
ditions were as follows: injector temperature was 
240°C, the eolumn was held isothermal at 45°C 
for 2 min after injection and then temperature was 
increased to 180°C at 8°C/min, further elevated 
to 205°C at 3°C/min, and finally at 20°C/min to 
300°C where it was held for 2 min. 

The stable isotopie eomposition of carbon is 
reported in the eonventional delta per mil notation 
(5 13 C), expressed relative to the international 
Vienna Pee Dee Belemnite standard (V-PDB) via 
the following equation: 

' 13 C\ / 13 C > 

'0 


8 i3 C %<= 


4 ) 

< / sample 


, , 2 c) 


PDB 


X I0 3 


This ealihration oeeurs via ahottle ofreferenee 
C0 7 connected to the IRMS sy stem for introducing 
directly in the souree 3 pulses at the heginning 
and end of every isotopie GC determination and 

5 pulses during the ehromatogram in order to 
take into aeeount a potential background ehange 
during the run. Analyses were all performed 
using IonVantage software for Isoprime (build 
1.3.6.0). Accuracy and preeision on referenee 
gas pulses in eaeh run were better than 0.3%o 
speeifieation of the system. The carbon-13 eontent 
of the referenee C0 2 was previously calculated 
via an inter-laboratory eomparison study using 

6 different standards analyzed in 20 laboratories 
either with EA-IRMS or GC-C-IRMS systems. 

5 I3 C values of FAME were corrected to take 
aeeount of the dilution of fatty acid earhons by 
the methylating reagent. This isotopie shift was 
calculated by a mass balance equation: 


5 13 C = f 5 13 C + f 5 13 C 

° '“'FAME Va 0 °FA ‘MtOH U '“MeOH 

where 5 13 C FAME , 5 I3 C FA , and 5 13 C McOH are the carbon 
isotope eompositions of the fatty acid methyl 
ester, the fatty acid, and the methanol used for 
methylation of the fatty acid, respectively, and 
f FA and f Mc0H are the carbon fraetions in the fatty 
acid methyl ester due to the alkanoie ehain and 
methanol, respectively. In this ease, the values 
for f FA is 16/17 for 06:0 and 18/19 for 08:0. 
The carbon 13 eontent of methanol was analyzed 
by EA-IRMS (CA1500 NC Elemental Analyzer, 
Carlo Erba, Milano, Italy / Isoprime isotope ratio 
mass speetrometer, GV Instruments, Manehester, 
UK) : 


5 13 C Mc oh= -40.5 % 0 (n = 5, SD = 0.3 0). 
Finally, the day-to-day and long term analyt- 
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ieal accuracy of the 2 GC-C-IRMS systems were 
checked by the injection of an in-house mixture of 
FAMEs (sigma Aldrich Standards) in eaeh hateh 
of analysis: the 5 13 C values for 06:0 and C18:0 
are respectively -29.9 %o (sd = 0.25 0) and -24.2 
%o (sd = 0.25 0) for 80 analyses within one year. 
(The GC-C -IRMS analysis was done with the 
eollahoration of Jean-Noel Thihault at the UMR 
1348 Pegase INRA-CNRS.) 

Analytical Results and Oiseussion. 

Determination of the Elemental 
Composition of Crvena Stijena Samples 
by X-Ray Fluoreseenee 

The analysis of the elemental eomposition of 
the different samples studied at Crvena Stijena 
lets us hetter understand the eharaeteristies and 
origin of these different layers. The major elements 
present in the Crvena Stijena samples are ealeium 
(CaO), followed by siliea (Si0 2 ), phosphorus 


(P 2 0 5 ), and magnesium (MgO) when present. If 
magnesium is not present, the following element 
is aluminum (A1,0 3 ) (Fig. 18.38, Tahle 18.10) 
This distribution it is not surprising if we take 
into aeeount the results presented for the site by 
Morley (2007, Chapter 7, this volume). Calcium 
could be related here to both natural eomposition 
of the sediments of the shelter and the presenee 
of ashes heeause of the presenee of ealeite or 
dallite or even the oxalates of ealeium eoming 
from plant residues. The siliea and aluminum 
are related to the clay and sands present in the 
natural eomposition of the different layers. The 
phosphorus is introduced here from the organie 
eomponents of the layers in the form of hones, 
which eontrihute hydroxyl apatite. This element 
ean be also associated with other hiologieal soure- 
es that eome from the proeess of decomposition 
of organie matter, or even from feeal matter. The 
eoprolites of Crocuta (hyenas) have been found in 
final Pleistoeene hahitats in the region (Ivanova 
et al. 2016), and hyena remains, gnawed hones, 
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Table 18.10. XRF results (oxide pereentages) from the major elements of Cvena Stijena samples. 



Sample 

MgO 

Al,0, 

Si0 2 

p A, 

k 7 o 

CaO 

TiO, 

MnO 

Fe,o3 

Big Strueture 3 
Layer XX 

Blackened soil S1 

<LOD 

2.64 

16.5 

9.97 

0.79 

41.73 

0.17 

<LOD 

1.06 

Grey black layer 

<LOD 

3.18 

15.58 

10.24 

0.5 

48.79 

0.14 

<LOD 

0.88 

VVhite gray ashes 

5.32 

1.25 

14.81 

7.55 

0.45 

51.41 

0.14 

<LOD 

0.84 

Reddish soil 

5.32 

1.08 

12.62 

14.33 

0.32 

52.33 

0.1 

<LOD 

0.53 

VVhite transition 

<LOD 

<LOD 

12.21 

11.11 

0.21 

55.39 

0.07 

<LOD 

0.45 

Grey soil 

5.19 

3.59 

17.87 

3.65 

0.77 

50.19 

0.2 

<LOD 

1.34 

Blackened soil 

<LOD 

<LOD 

12.98 

11.73 

0.36 

48.45 

0.05 

<LOD 

0.49 

Strueture 1 Layer 
XXIV 

Blackened soil 

<LOD 

0.92 

13.17 

8 

0.4 

50.06 

0.13 

<LOD 

0.64 

Ashes 

<LOD 

<LOD 

11.69 

7.62 

0.21 

58.93 

0.12 

<LOD 

0.4 

Strueture 2 Layer 
XXIV 

Blackened soil 

< LOD 

0.649 

12.18 

11.62 

0.34 

48.52 

0.05 

<LOD 

0.456 

Ashes 

<LOD 

0.82 

12.16 

11.22 

0.26 

48.9 

0.07 

<LOD 

0.43 

Rodent hole 

<LOD 

4.36 

21.01 

5.56 

1.08 

39.36 

0.26 

<LOD 

1.87 

Strueture 3 Layer 
XXIV 

Blackened soil 

<LOD 

1.55 

12.93 

11.79 

0.41 

46.69 

0.08 

<LOD 

0.56 

Ashes 

<LOD 

1.63 

12.69 

7.89 

0.41 

52.85 

0.07 

<LOD 

0.54 

lntermediate layer 

<LOD 

1.44 

13.73 

8.67 

0.49 

49.55 

0.08 

< LOD 

0.599 

Strueture 4 Layer 
XXIV 

Blackened soil 

<LOD 

0.99 

13.76 

11.75 

0.57 

44.27 

0.1 

<LOD 

0.75 

Ashes 

<LOD 

1.1 

13.21 

11.11 

0.34 

52.07 

0.13 

<LOD 

0.68 

Hole (anthropie) 

<LOD 

2.57 

14.67 

9.86 

0.56 

46.44 

0.12 

<LOD 

0.77 

Strueture 5 Layer 
XXIV 

Blackened soil 

6.1 

2.09 

13.76 

15 

0.48 

48.61 

0.15 

<LOD 

0.72 

Ashes 

<LOD 

<LOD 

11.55 

8.45 

0.26 

56.69 

0.11 

<LOD 

0.39 

Strueture 6 Layer 
XXIV 

Blackened soil 

<LOD 

<LOD 

12.91 

12.24 

0.32 

50.98 

0.1 

<LOD 

0.5 

Ashes 

4.6 

1.67 

13.6 

8.14 

0.5 

53.07 

0.16 

<LOD 

0.83 

Strueture 7 Layer 
XXIV 

Blackened soil 

4.33 

1.74 

14.79 

11.5 

0.6 

43.72 

0.11 

<LOD 

0.84 

Grey soil (ashes) 

<LOD 

1.46 

13.32 

6.97 

0.48 

52.33 

0.13 

<LOD 

0.66 

Reddish soil 

<LOD 

2.64 

15.03 

8.26 

0.66 

53.2 

0.19 

<LOD 

1.01 

Strueture 8 layer 
XXIV 

Ashes limonite 

< LOD 

7.042 

21.04 

4.703 

0.918 

40.016 

0.309 

< LOD 

2.396 

Ashes limonite 

< LOD 

7.181 

20.245 

5.289 

0.861 

41.441 

0.286 

0.017 

2.237 

Steril Layer XXIII 

Sterile 1 

3.28 

5.6 

22.43 

1.36 

1.17 

41.33 

0.25 

<LOD 

1.67 

Sterile 2 

3.39 

3.37 

18.51 

1.06 

0.76 

43.96 

0.16 

<LOD 

1.02 


and hyena eoprolites were identified by Malez 
(1975:153-154) from layers XXI and XXIV in 
Crvena Stijena ). Finally, magnesium (MgO) 
could also be related to the presenee dolomite 
degradation, or to its dilution by water that pen- 
etratesby infiltration into the shelter. Manganese 
(MnO) and Iron (Fe,0 3 ) could have the same 
origin, but iron and titanium TiO, could be also 
related to the proeesses of deposition of natural 
sediments in the shelter. Finally Iron ean also be 
overrepresented in some layers that were exposed 
to heat aetion. 

The statistieal analysis of these results shows 
that aluminum has strong eorrelations, r > 0.9, 
with siliea, iron, and titanium and a somewhat 
weaker eorrelation with potassium, r =0.8 7. These 
elements could be associated in the clays of the 
soils of the layers studied here. At the same time, 
phosphorus has a negative eorrelation r = -0.72 
with siliea while ealeium has also negative eor- 


relations with both siliea, r = -0.77, and iron, 
r = -0.72. 

The analysis of the distribution of these ele- 
ments by kind of layer shows that CaO, which is 
the prineipal eomponent, is more concentrated 
in the reddish soils, followed by the ashes, the 
blackened soils, and the natural soils. Siliea and 
aluminum are more concentrated in the natural 
soils, and phosphorus has its lowest eoneentration 
in these natural layers (Fig. 18.39). 

Among the minor elements present in these 
samples, estimated in ppm, the most important 
are sulfur (S) and ehlorine (Cl) (Fig. 18.40). Sul- 
fur is relatively important for our work heeause 
it could be from pyrite which ean be used for 
lighting fire. Nevertheless, even if its distribution 
is more concentrated in the ash layers, its eoneen- 
trations in reddish layers and blackened soils are 
also important, and therefore its origin must be 
related to other eauses. As we know, sulfur (S) is 
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present in organie matter contained in sediments. 
Evidently the identification of the exact nature 
or state of this sulfur requires more studies and 
other analytical techniques (Sehroth et al. 2007), 
but we know that sueh sulfur has its origin in the 
ineorporation of sulfides produced by haeterial 
reduction of sulfate during deposition and early 


diagenesis (Sinninghe Damste and de Leeuw 
1989; Vandenbroucke and Largeau 2007). But, 
as we also know, sulfur is present in signifieant 
amounts in animalbodies (Emsley 1998; Frausto 
Da Silva and Williams 2001; Bergada 2015) and 
could be related also to the decomposition of the 
remains of animal eareasses at the site. Ohlorine 



MgO AI203 Si02 P205 K20 CaO Ti02 MnO Fe203 


Fig. 18.39. Pereentage distribution of major elements by kind of layer at Crvena Stijena. 



S Cl V Cr Cu Zn Rb Sr Zr Nb Mo Cd Sn Ba U 


Fig. 18.40. Ppm distribution of minor elements by kind of layer at Crvena Stijena. 
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could be related to some clays as ehlorite, but 
also with natural salts. 

The distributions of these elements in eaeh 
strueture follow the general distribution presented 
by kind of layer and show clearly the differences 
between the natural soils from layerXIII and the 
rest of the samples. But ashes are not always the 
samples in eaeh layer that present a high eoneen- 
tration of CaO. Sometimes the blackened layers 
show a larger eoneentration of CaO than the ash 
layers. These data are a little surprising given the 
eolor and texture differences between these layers. 
It may be that the black layers are composed of the 
same elements as the ashes but in a different state. 


The same may also be the said for the distribution 
of phosphorus that is quasi-systematically less in 
ash layers than in blackened ones. (Fig. 18.41). 

These observations are complemented by a 
faetorial correspondence-principal eomponents 
analysis (FCA-PCA) of the distribution of the ma- 
jor elements present in the samples (Fig. 18.42), 
where we see on Component 2 an opposition 
between the proportions of phosphorus and eal- 
eium and a weaker opposition on Gomponent 1 
between these two elements together and siliea, 
aluminum, potassium, iron, and titanium. This 
analysis also lets us generally distinguish two 
groups of samples, the blackened layers and the 



Fig. 18.41. Pereentage distribution ofmajor elementsby ldnd of layer and strueture at Crvena Stijena. 
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ash layers, against the natural soils. It is interesting 
to see that in this analysis the layer named ashes 
limonite is placed near the natural soils by its 
eontent of siliea, aluminum, and potassium. This 
elemental eomposition could explain the different 
textures noted in the field between this partieular 
ash layer and the other ash layers sampled. Another 
separation in the group of ash layers and black 
layers is established by following their eontent of 
phosphate and ealeium. As we saw before, all the 
layers eontain both elements, but some ehanges 
in their proportion ean be observed. 

As we see in Fig. 18.42 some layers eontain 
more ealeium and others more phosphorus. It is 
interesting to see that we found more ash layers 
associated with phosphorus than with ealeium, 
while the blackened layers are equally distributed 
between these two elements. This could imply, 
if we relate the phosphorus to hydroxyl apatite 
(Ca 5 (P0 4 ) 3 (0H)), that in some eases a more 
important quantity of burned bones was in the 


ash layers than in black ones. This could have 
signifieanee eoneerning the funetion of these 
struetures or the utilization of bones as fuel for 
eertain fire struetures. Another explanation could 
be a eoneentration of phosphorus in burned black 
layers from the destruction of the organie matter 
present in them. In any ease, the generally sim- 
ilar eomposition of ash layers and black layers 
reinforees our hypothesis that the ashes could be 
the result of the aetion of heat above the black 
layers and are not simply or always residues 
of combustibles. Another interesting result is 
the differentiation between the reddish soil of 
layer XX and the reddish soil of fire strueture 
7 in layer XXIV by the differences observed in 
their eoneentrations of phosphorus and ealeium. 
This could imply different formation proeesses 
for these two layers before they were thermally 
altered, with strueture 3 of layer XX showing in 
its reddish soil a more important eoneentration 
ofhones. 



Fig. 18.42. FCA-PCAanalysis of the pereentage eoneentrations of major elements of Crvena Stijena 
samples (without MnO and MgO). 
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Mineralogieal characterization by XRD 

The mineralogieal characterization by XRD 
of the different layers of Crvena Stijena shows 
similar trends. All the samples eontain ealeite 
(CaC0 3 ) as the prineipal eomponent which is ae- 
companied by hydroxyl apatite (Ca 5 (P0 4 ) 3 (0H)) 


and sometimes by quartz (SiO.,) and/or dolomite 
CaMg(Co 3 ) 2 (Fig. 18.43, Tahle 18.11). The peaks 
of hydroxyl apatite are very small and are masked 
by the eharaeteristies of the sample and their high 
eontent of ealeite but are well present. Dolomite 
is frequently associated with the natural soils 
and the rodent hole, heing present in only one 


900 — 


800 - 


700 - 



2-Theta - Seale 

BDcrv16x - File: crv16x.raw-Type: 2Th/Th locked - Start: -2.416 ° - End: 118.342 ° - Step: 0.029 ° - Step time: 1. s - Temp.: 25 °C (Room) - Time Started: 0 s - 2-Theta: -2.416 ' - Theta: -1.208 ° - Chi: 0.00 ° - Phi: 0.00 ° 
Operations: Import 

@00-005-0586 (°) - Calcite syn - CaC03 - Y: 67.06 % - d x by: 1. - WL: 1.78897 - 0 - l/le PDF 2. - 
@00-036-0426 (°) - Oolomite - CaMg(C03)2 - Y: 32.95 % - d x by: 1. - WL: 1.78897 - 0 - 
@00-033-1 161 (*) - Quartz syn - Si02 - Y: 17.36 % - d x by: 1. - WL: 1.78897 - 0 - l/le PDF 3.6 - 



@00-005-0586 (*) - Calcite syn - CaC03 - Y: 67.06 % - d x by: 1. - WL: 1.78897 - 0 - l/le PDF 2. - 
@00-009-0432 (I) - Hydroxylapatite syn - Ca5(P04)3(0H) - Y: 12.70 % - d x by: 1. - WL: 1.78897 - 0 - 
@00-036-0426 (*) - Oolomite - CaMg(C03)2 - Y: 32.95 % - d x by. 1. - WL: 1.78897 - 0 - 

Fig. 18.43. Typical diffractograms obtained from Crvena Stijena samples: A - sterile layer eontaining 
ealeite , dolomite and quartz, B - samples of the ashes of strueture 2 in layer XXIV, showing 
ealeite hydroxyl apatite and dolomite. 
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Table 18.11. Results of the DRX analysis of samples from Crvena Stijena. 



Sample 

n°drx 

Calcite 

CaC03 

Hydroxylapatite 

(Ca5(P04)3(0H)) 

ūolomite 

CaMg(CO,), 

Quartz 

Si02 

Heigth of 
hydroxilapatite 
peaks 

Big Strueture 3 
layer XX 

Blackened soil S1 

ervlO 

X 

X 


X 

great 

Grey black layer 

crvl2 

X 

X 


? 

middle 

White gray ashes 

ervll 

X 

X 


? 

little 

Reddish soil 

crvl3 

X 

X 


? 

great 

White transition 

crvl8 

X 

X 


? 

very little but 
well defined 

Grey soil 

crv9 

X 

X 


? 

little 

Blackened soil 

ervlO 

X 

X 


X 

great 

Strueture 1 
layer XXIV 

Blackened soil 

crv4 

X 

X 


? 

little 

Ashes 

crv6 

X 

X 


? 

little 

Strueture 2 
layer XXIV 

Blackened soil 

crv21 

X 

X 


? 

little 

Ashes 

crv22 

X 

X 

X 

? 

great and well 
defined 

Rodent hole 

crv23 

X 

? 

X 

? 

little 

Strueture 3 
layer XXIV 

Blackened soil 

crvl5 

X 

X 


? 

little 

Ashes 

crv20 

X 

X 



very little 

lntermediate layer 

crv27 

X 

X 


? 

very little 

Strueture 4 
layer XXIV 

Blackened soil 

crv24 

X 

X 


? 

little 

Ashes 

crv25 

X 

X 


? 

very little but 
well defined 

Hole (anthropie) 

crv26 

X 

X 


? 

little 

Strueture 5 
layer XXIV 

Blackened soil 

crv7 

X 

X 


? 

great 

Ashes 

crv8 

X 

X 


? 

little 

Strueture 6 
layer XXIV 

Blackened soil 

crv3 

X 

X 



little 

Ashes 

crv5 

X 

X 



little 

Strueture 7 
layer XXIV 

Blackened soil 

crvl7 

X 

X 


? 

little 

Grey soil (ashes) 

ervl 

X 

X 



little 

Reddish soil 

crv2 

X 

X 


? 

little 

Strueture 8 
layer XXIV 

Ashes limonite 

crv28 

X 

X 


? 

little 

Ashes limonite 

crv28 

X 

X 


? 

little 

Sterile 
layer XXIII 

Sterile 1 

crvl4 

X 


X 

X 

absent 

Sterile 2 

crvl6 

X 


X 

X 

absent 


ash sample situated near the rodent hole in layer 
XXIV, fire strueture 2. As we said before, the 
presenee of dolomite could explain the presenee 
of magnesium in our analysis which could have 
been deposited by dissolution of its carbonates. 
Some differences could be observed in the width 
of the peaks of ealeite that are larger in some 
samples of grey soils and natural soils, but the 
regular presenee of thin speetra in the ashes and 
black layers do not let us conclude that there is a 
relation between these differences and the thermal 
alteration of the samples. Separating the hydroxyl 
apatite to analyze its state, which also ehanges 
with temperature, is left for a future work due 
to reeurring difficulties with our equipment. No 
clay fraetion was clearly identified in this first 


series of analyses. These results thus eonfirm the 
homogeneous eomposition of our samples ofblack 
layers and ash layers, along with the variations 
observed by the X-ray fluoreseenee analysis of 
the distribution of major elements. 

The Organie Matter Approaeli 

Concentrations of Organie Matter: 
Saturated Fatty Acids (FAMEs - SFA), 
Unsaturated Fatty Acids (UnSFA), 
Branched Fatty Acids (Branched FA), 
Alkanes, and Sterols 

The total eoneentration of organie matter, 
taking into aeeount the saturated fatty acids 
(FAMEs - SFA), unsaturated fatty acids (UnSFA), 
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branched fatty acids (Branched FA), alkanes, and 
sterols, showed that the highest eoneentration of 
organie matter was found in fire struetures 2 and 
3 from layer XXIV, followed by fire strueture 7 
of layer XXIV and fire strueture 3 of layer XX. 
The lowest eoneentrations were found in fire 
struetures 1 and 8 from layer XXIV. The natural 
soils eontain low amounts of organie matter that 
are similar to the minor eontents observed in the 
fire struetures. Finally, we see only one strueture 
with small dimensions, the strueture 5 of layer 
XXIV, that has greater amounts of organie matter 
than larger struetures from the same layer, like 
struetures 1, 4, and 6 (Fig. 18.44). 

The black layers contribute largely to this 
distribution in all the struetures sampled. Two 
eases, strueture 2 and strueture 3 of layer XXIV, 
are significantly different. In the first ease, it is the 
rodent hole that shows the largest eoneentration 
of organie matter, while for strueture 3 it is the 
intermediate grey layer underlying the ashes and 
eovering the black layer that shows the greatest 
eoneentration (Fig. 18.45). Thus, the large eon- 
eentration of organie matter observed for strueture 
2 is related to the rodent hole and not to the fire 
strueture itself and its underlying soil. 

As we could expect, black layers have greater 
eoneentrations of organie matter, followed by the 
ash layers, and finally by the red soil layers. The 
natural soil layers and the rodent holes have more 
organie matter than ashes and red soil layers, but 


less quantities compared to black layers, which 
have an anthropie origin (Fig. 18.46). These 
results are eonsistent with the thermal alteration 
hypothesis, where natural soils lost their natural 
eontent by heat aetion, and where ashes that also 
were affected by heat could eonserve eertain 
quantities of organie matter related to the use 
of fire for eooking. These results could be also 
eonsistent with the hypothesis that ashes are the 
result of heat aetion on black layers; here the ash 
layers would be considered to be black layers 
more or less altered and having more or less 
eoneentrations of organie matter as a funetion of 
temperatures reached and their time of exposure. 
Moreover, in this ease ashes would also be the 
layer where the mixture of organie matter eoming 
from fire related aetivities wouldbe deposited. We 
must take into aeeount that ashes have a greater 
porosity than natural soils, which could favor the 
penetration oforganie matter and its eneapsulation 
in earhonates. 

If we analyze the distribution of organie matter 
in the ash layers (Fig. 18.47), we ean ohserve that 
the greatest eoneentrations eome from struetures 
5 and 2 in layer XXIV, and the least ones eome 
from struetures 3 and 1 in layer XXIV, while the 
big strueture 3 from layer XX and struetures 4, 
7, and 8 in layer XXIV have intermediate eon- 
eentrations of organie matter. These different 
eoneentrations show that small struetures ean 
have higher eoneentrations of fat residues than 



Fig. 18.44. Average eoneentrations of organie matter - eoneentrations (mg/g) of SFA, unSFA, branched 
FA alkanes. and sterols by strueture at Crvena Stijena. 
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larger ones and pose some questions about the 
different proeesses that could ereate this situation. 
In faet, nothing indicates that eooking eannot be 
done over small struetures, where the zone of 
fire aetion is reduced and could thus eoneentrate 


organie matter in eomparison to larger struetures 
that could have had a different funetion and, in 
any ease, have a larger surfaee for eooking which 
could make for a greater dispersion of organie 
matter. 


Average eoneentrations of SFA, Alkanes, Sterols UnSFA anel Branched-FA ((xg/g) 
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Fig. 18.45. Average eoneentrationsoforganiematter-eoneentrations (mg/g)ofSFA, unSFA, branched 
FA alkanes, and sterols by kind of layer and strueture at Crvena Stijena. 
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Fig. 18.46. Average eoneentrations of organie matter - eoneentrations (mg/g) of SFA, unSFA, branched 
FA alkanes, and sterols by kind of layer and strueture at Crvena Stijena. 
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If we analyze the eontrihution of eaeh family of 
moleeules studied in these eoneentrations, we ob- 
serve that the saturated fatty acids (SFA) eonstitute 
the most important eontrihution of organie matter 
(Fig. 18.48). The SFAare followedby sterols and, 
in lower proportions, by the alkanes, the branched 
fatty acids, and finally by unsaturated fatty acids. 
The greater part of the sterols (96%) eame from 
the sample taken at the rodent hole and from the 
samples of the sterile soil. Only strueture 5 and 
strueture 8 have sterols preserved among the fire 
struetures. From a quantitative point of view, the 
SFA and alkanes are present in larger amounts in 
the black layers, while they are present in minor 
quantities in the ashes, the reddish layers, and 
the grey layers. At the same time the branched 


and unsaturated fatty acids are higher also in the 
black layers. But it is interesting to note that in 
the black layers there is a group that eontains 
more fatty acids, branched and unsaturated, 
than the others. These results could be related to 
differences in heat aetion among the samples. If 
our hypothesis is eorreet, some samples of black 
layers could indicate that the disappearance or the 
diminution of unsaturated fatty acid methy 1 esters 
(UnSFAMEs) and branched fatty acid methyl 
esters (BFAMEs) could be related also to thermal 
proeesses. These inferenees seem to be confirmed 
by the FCA-PCA analysis (Fig. 18.49) where the 
thermally altered samples are located along the 
negative values of Component 1 with most of 
the black layers opposed to them along positive 


Average eoneentrations of SFA, Alkanes, Sterols UnSFA anel Branched-FA(mg/g) for Ashes layers 


1,2 




White grey 

White 

Ashes 

Ashes 

Ashes 
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Ashes 

Ashes 
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Strueture 3 

Strueture 4 
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Strueture 6 
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Fig. 18.47. Average eoneentrationsoforganiematter-eoneentrations (mg/g)ofSFA, unSFA, branched 
FA alkanes, and sterols for ash layers at Crvena Stijena. 


% of eoneentration of different families of moleeules by strueture 



Fig. 18.48. Proportions of eoneentrations (mg/g) of SFA, unSFA, branched FA alkanes, and sterols 
of Grvena Stijena samples. 
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values. These last samples are differentiated on 
Component 2, refleeting the eoneentrations of 
SFA and n-alkanes as a funetion of the unsat- 
urated and branched eontent of the samples. A 
positive eorrelation between the eoneentration of 
n-alkanes and the branched fatty acids was also 
observed, which could relate these two families 
of moleeules to the proeess of maturation of the 
organie matter in the site. 

When we analy ze the proportional distribution 
of these different families of moleeules in eaeh 
sample by FCA-PCA, we see also that they are 
separated by their saturated fatty acids and the 
n-alkanes in terms of their internal proportions 
(Fig. 18.50). This analysis groups the samples that 
eontain more n-alkanes, more fatty acids, more 
unsaturated fatty acids, and branched fatty acids. 
This groups together different kinds of samples, 
for example, we see the ashes of strueture 1, the 


anthropie hole of strueture 4, and the grey hlaek 
layer of layer XX strueture 3 near the blackened 
soils of struetures 6 and 2. This ensemhle of 
samples is characterizedby an important presenee 
of n-alkanes. Opposite these, characterized by 
important amounts of SFA, we find the interme- 
diate layer and the ashes of strueture 3, strueture 
5, the hlaek layers of struetures 3, 4, and 7, and 
the reddish layer of strueture 7. Finally, some 
samples eontain high eoneentrations of unsatu- 
rated fatty acids andbranched fatty acids, sueh as 
the samples of the white transition, the grey soil, 
the hlaek layers, and reddish soils of strueture 3 
in layer XX, the blackened soil of strueture 5, 
the sterile soils of layer XXIII, and the ashes of 
strueture 8 (Figs. 18.49-18.50). These groups 
could be related to differences in the maturation 
proeess of organie matter in the different samples 
and not related to the aetion of heat. 



Fig. 18.49. FCA-PCA analysis of the eoneentrations (mg/g) of SFA, unSFA, branched FA alkanes, 
and sterols of Grvena Stijena samples. 
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Fig. 18.50. FCA analysis of the eoneentrations (mg/g) of SFA, unSFA, branched FA alkanes, and 
sterols of Crvena Stijena samples. 


Organie Matter Oegraāation 
The CPI (C arhon Preferenee Index, from Coo- 
per and Bray 1963) is a hetter way to estahlish the 
degradation oforganie matter (SFAand n-alkanes) 
in samples (Pepe and Dizabo 1990; Mareh 1999; 
Mareh and SolerMayor 1999; Mareh et al. 2003; 
Mareh 2014). The CP1 is calculated according 
to a formula that takes into aeeount the different 
proportions between odd and even moleeules 
(Fig. 18.51). The eloser the value of CP1 is to 1, 
the more the sample is degraded. First at all, we 
ean note that at Crvena Stijena the samples have 
relative good preservation but also great variation 
in the CPI values. The mean value for CPI SFA is 
4.94, the median is 3.91, and the varianee is 18. 
For the CP1 alkanes the mean value is 3.26, the 
median 1.73, and the varianee 10. The highest 
value for CPI SFA is 22.94 and the lowest 0.94, 
while the maximum value for alkanes is 11.45 
and the minimum 0.19 (Fig. 18.52). Thus, the 
Crvena Stijena samples show important varia- 
tions among the different kinds of samples and 
struetures analyzed. As in all other sites, values 


CPI (alkanes) 


1 

2 


E2i° dd E> dd 
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22 even 

E'E' « dd 


E22 even 

E23 1 odd 


Fig. 18.51. CPI formulas for saturated fatty acids 
and alkanes fraetion (n+1 =maximum number 
of carbons found). 


of CPI SFA are larger than the CPI alkanes. The 
CPI alkanes have 20 samples with values under 
2 and four samples with values above 9, showing 
extraordinary preservation. For the CPI SFA, 22 
samples have values under 5 and two samples 
above 14. 

The analysis of CPI values for eaeh sample 
within individual struetures lets us ohserve these 
variations better (Fig. 18.53). Within the big 
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Fig. 18.52. Box plot graphie for CPI -SFA and 
CPI alkanes values at Crvena Stijena. 


strueture 3 in layer XX the two samples from the 
black layers that eover and underlie the strueture 
have the highest values of CPI alkanes. We should 
note here that the grey black layer in the upper 
part of the stratigraphie sequence of ashes within 
this strueture presents the most degraded alkanes 
sample, followed by the white grey ashes and 
the reddish soil. Under the reddish soil the white 
transition layer and the lower grey soil also show 
degraded and low values, but the CPI alkanes of 
these two layers are a little larger than the values 
observed in the upper part of the sequence below 
the top black layer. This could indicate that the 
white transition observed here is the remains of an 
aneient ash layer underlying a grey soil over the 
bottom black layer of the sequence. Any sample 
of the ashes sequence, including the reddish soil, 
shows traees of eontamination from the upper 
or the bottom black layer. The CPI SFA of this 
strueture shows mueh better values of preserva- 
tion underneath the reddish soil, eonfirming the 
existence of two different moments of formation 
of this strueture. The mean values of this bottom 
part of the big strueture 3, including the white 
transition, the grey soil, and the blackened soil 
2 are the highest values registered in the whole 
site and show that the fatty acids contained in the 
bottom part of the strueture have a different origin 
from those of the upper part. The CPI SFA values 
in the bottom part, under the reddish soil, show a 
pattern similar to the CPI alkanes, decreasing from 
the white transition to the grey soil, and becoming 
more important in the blackened soil 2. 


The black layerof strueture 1 oflayerXXIV 
presents a higher value of CPA SFA than the 
ash layer. Flere, contrary to the general trend 
observed, the ash layer shows larger values for 
the CPI alkanes than the black layer, indicating 
better eonservation of this family in the ash sam- 
ple. For strueture 2 the blackened soil shows the 
most preserved sample for the alkanes, but the 
ash layer shows the most preserved saturated 
fatty acids. In this strueture, the ashes show the 
lowest values of the three samples. It is interest- 
ing to note the similar values observed between 
the black layer and the rodent hole that could 
indicate possible eontamination. In strueture 3 
the intermediate layer and the black layer show 
better eonservation of the fatty acids than the 
ashes. For the alkanes the black layer shows the 
best values and the intermediate layer and the 
ash layer show degraded ones. In strueture 4 the 
better values were found in the anthropie hole, 
while the ashes and the blackened soil show 
similar values for the fatty acids, with the ashes 
being very slightly better for the alkanes than 
the black layer, and the inverse for the saturated 
fatty acids. In strueture 5 the black layer shows a 
slightly better value for the CPISFA and a clearly 
better one for the CPI alkanes. Strueture 6 shows 
better preservation of the saturated fatty acids in 
the ash layer and a very slightly better preserva- 
tion of alkanes in the blackened one. Strueture 
7 follows the same trend for SFA as in strueture 
6, but here the preservation of the alkanes in the 
ashes is better than in all the other ash layers of 
layer XXIV. The alkanes of the black layer have 
also excellentpreservation, only overshadowedby 
the values for the black layer of strueture 2. The 
reddish layer shows only low preservation of the 
alkanes but still better preservation than the fatty 
acids show in the black layer. Finally, strueture 8 
shows similar values for the two samples, more 
degraded for the alkanes than for the saturated 
fatty acids, and both values are similar to other 
ash layers present in layer XXIV. 

If we consider the mean values of CPI acids 
and alkanes by kind of layer, we observe that the 
value of CPI alkanes decreases from the black 
layers to the ash layers to the reddish layers, 
while the CPI SFAdoes not follow the same trend 
(Fig. 18.54). This is very interesting because as we 
have previously published (Mareh 2014; Mareh 
et al. 2014), the value of the CPI decreases under 
heat aetion, and these results are eonsistent with 
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the thermal hypothesis put forward to explain the 
differences observed between these layers. The 
holes sampled present the highest mean values for 
the CPI alkanes, and the natural soils for the CPI 
acids. These results show that the saturated fatty 
acids and the alkanes could have different origins 
or be affected by different formation proeesses. 
As we have suggested before (Mareh 2014), a 
different degree of preservation for alkanes and 
SFA in the same sample could indicate a different 
origin for eaeh fraetion. 

These results eomplete the data that indicate 
the possibilities of thermal alteration of the 
alkanes and their CPI values by kind of layer. 
A mass eoneentration (weight) hypothesis may 
explain these data, considering the possibility of 
different origins for alkanes and SFA. The eon- 
eentrations of SFA are most important in animal 
eooking residues, while the alkanes are minor and 
degraded in animal fat, but large eoneentrations 
of well preserved alkanes have been observed 
in degraded vegetal eutieles. Thinking of this, 
some fluetuation in the lower values of the CPI 
fatty acids could be related to the preservation 
of long ehain fatty acids of vegetal origin even 
in low quantities. ln the same way, we note here 
a relation between the eoneentration of alkanes 
and the values of CP1 that it is indicated by a 


positive eorrelation of r = 0.642 while the fatty 
acids are completely independent r = -0.005. 
This could indicate that at Crvena Stijena when 
alkanes are present in larger amounts we could 
have in some eases better preservation. Thus, it 
may be possible that some samples have a complex 
and historically different origin which we must 
try to explain. The low values of CPI acids are 
principally due to the presenee of odd longer SFA 
but also due to a low amount of even longer SFA 
mostly of vegetal origin. This last point ean allow 
us to infer a mostly animal origin for short SFA 
in our samples, while the alkanes better refleet 
the vegetal eomponent of eaeh sample. 

n-alkanes 

The distribution of alkanes in Crvena Stijena 
could help us to understand the differences seen in 
CPI values and to analyze the formation proeesses 
of these different struetures. As mentioned, values 
of CPI refleet different preservation states of the 
studied samples. Looking at the mean values for 
eaeh kind of layer, it seems that some differences 
observed in these values could be explained by 
heat aetion. 

if we analyze the distribution of alkanes we 
ean see that 28 of the 29 (96.55%) samples eom- 
ing from this site exhibit more than 80% of >C, 0 



Black layers Ash Layer Soil layers Reei soil layers Holes 


Fig. 18.54. CPI mean values by kind of layer for alkanes and saturated fatty acids fraetions from 
Crvena Stijena samples. 
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n-alkanes. The mean value for the >C 2Ū n-alkanes 
is 94.55 %. Only one sample, eoming from the 
blackened layer of strueture 4, has a lower value of 
73.84% (Fig. 18.55). These long ehainn-alkanes 
are hiomarkers of higher plants, eome from leaf 
eutiele waxes, and are often considered as having 
a eontinental origin (Eglilnn and Hamilton 1963; 
Eglinn and Paneost 2004; Eglinn and Eglinn 
2008). 

As hiomarkers, the presenee of short ehain 
alkanes <C 20 couldbe related to different proeesses 
sueh as thermal alteration (wood ash or ehareoal) 
orbacterialaction(Marchl995,1996,1999,2014; 
Mareh and Soler 1999). Here the short alkanes 
are present in very low quantities, between 0% 
and 26.15%. The mean pereentage value for <C 20 
n-alkanes is 4.15%. They are present in sueh low 
quantities in nearly in all samples, but they are 
absent only in the white grey ashes and the reddish 
soil layerof strueture 3 of layerXX (Fig. 18.56). 

If we analyze the mean eoneentration by kind 
of layer we observe that the eoneentration of >C 20 
n-alkanes is highest in the hole samples, next 
highest in the blackened layers, and then decreases 
through the soil layers, the ash layers and the red- 
dish soils (Fig. 18.56). But the quantities of >C 20 
and <C., () n-alkanes have a positive eorrelation of 
r = 0.83, so an inerease of <C 20 n-alkanes is not 
related to a decrease of >C 20 n-alkanes. 

If we analyze the histograms of distribution of 
the n-alkanes we ean ohserve that their distribution 
varies for eaeh layer and in eaeh fire strueture. 
Some samples present a bimodal distribution 
characterized by the presenee two groups, one of 
short ehain alkanes and the other of long ehain 
alkanes. 

The distribution of short alkanes ehanges 
frequently, being centered variously on C lg , C 19 , 
C 20 , or C 21 , while the distribution of long ehain 
alkanes is mostly centered on C 31 or C 29 for layer 
XXIV, but this is not the ease for samples from 
layer XX, where the distribution of long alkanes 
is variously centered on C 27 , C 29 , C 31 , or even on 
C 2g . The ehanges in n-alkane distribution show 
that, in general, there is no eontamination between 
samples. These ehanges could be related to the 
degradation proeess, but also to ehanges in the 
vegetal origin of the samples. 

For example, in the big strueture 3 of layer 
XX, the distribution of n-alkanes begins in the 
upper black layer with a bimodal distribution, 
with a dominance of C 3x for long ehain alkanes, a 


dominance ofC 21 forthe shortones (Fig. 18.57), 
and a value for the CPI alkanes of 2.37. This layer 
is followed by very degraded CPI alkanes of 0.19 
and a unimodal distribution centered on C 79 for 
the grey black layer. The underlying white grey 
ashes also show a unimodal distribution centered 
on C 29 with a degraded CPI alkanes of 0.92 and 
very low quantities of short alkanes whose dis- 
trihution begins at C 22 . The underlying reddish 
soil has a unimodal distribution centered on C 7g 
followed by C 27 and C 29 for the long alkanes and 
a degraded CPI of 0.99. The white transition 
underlying the reddish soil shows better preser- 
vation with a CP1 alkanes of 1.72 and a bimodal 
distribution with low quantities of short alkanes 
and a distribution centered at C 21 , while the 
distribution of long ehain alkanes is centered on 
C 27 . The grey soil covered by this last ash layer 
again shows degradation, with a CP1 alkanes of 
1.09 and a bimodal distribution centered also on 
C 7] for the short ehain alkanes but displaced to 
C 79 for the long ehain alkanes. Finally, the lower 
black layer shows the same bimodal distribution 
as the upper black layer and a similar CPI alkanes 
of 2.19 indicating that the same organie matter 
eomposes both black layers. These layers also 
have more short ehain alkanes than all the other 
layers that eonstitute this strueture. Thus we ean 
ohserve here many ehanges in this sequence that 
differentiate eaeh layer from the others and show 
a eoherent degradation of the CPI with thermal 
alteration but no important eoneentrations of short 
alkanes in the thermally degraded samples, while 
these alkanes are present in the black layers. 

In strueture 1 of layer, XXIV the ash layer 
presents a nearly unimodal distribution centered 
on C 79 with low quantities of short alkanes that 
show a distribution centered on C lg with a CPI 
alkanes of2.19. The underlying black layer shows 
a unimodal distribution centered on C 31 but more 
degraded, with CPI alkanes of 1.20. Thus, the 
vegetal part of these samples is better preserved 
here in the ashes, and it is different than the vegetal 
lipids present in the underlying black layer. 

Strueture 2 of layer XXIV has a similar uni- 
modal distribution centered primarily on C 31 for 
the ash layer and the blackened soil, with a low 
eoneentration of short ehain alkanes centered 
on C 2Ū in both the ashes and the blackened soil. 
The difference lies here in the values of the CPI 
alkanes for the two samples. The ash layer has 
a very mueh degraded index in eomparison to 
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the blackened layer, 2.58 vs. 11.54 respectively. 
Thus, the ash layer here seems to have the same 
eomposition as the black layer, but more degrad- 
ed, while in strueture 1 the ashes seem to show 
a different eomposition from the black layer and 
thus a possibly different origin. The rodent hole, 
which has a bimodal distribution, shows nearly 
the same distribution as the two anthropie layers 
for the long ehain alkanes, but it has an inerement 
in the presenee of short alkanes that are centered 
on C 18 , which shows that taphonomieal proeesses 
perhaps did not ehange the signature of alkanes 
for this sample very mueh. As the hole was ex- 
cavated in the black layer, the walls of the hole 
could represent also the black layer. Thus, the 
short alkanes may be present at this position and 
absent where we took the sample under the ashes. 

In strueture 3 of layer XXIV the ashes and 
the intermediate grey layer show a very similar 
eomposition, with a bimodal distribution having 
relati vely small amounts of short alkanes centered 
on C 19 and C 2Ū , and long ehain alkanes centered 
on C 31 but in nearly equal proportions with C 29 , 
and weak values for the CPI alkanes of 1.26 for 
the ashes and 1.40 for the intermediate grey layer. 
The blackened soil has a unimodal distribution 
clearly centered on C 31 and is better preserved 
(CPI alkanes = 4.56). Here again, the ashes and 
their underlying soil layer show the same eom- 
position and could even be thermally degraded 
samples of the underlying black layer which is 
better preserved. 


Strueture 4 shows a long ehain alkanes dis- 
tribution centered on C 31 for the three samples: 
the ashes, the blackened layer, and the anthropie 
hole, but exhibiting different degrees of matu- 
ration, the black layer being the more degraded 
(CPI alkanes = 1.49), followed by the ashes with 

I. 76, and finally by the anthropie hole that shows 
mueh better preservation with a CPI alkanes of 

II. 01. The blackened layer shows a difference 
in the short ehain part of the samples, where it is 
largely dominated by C 19 . If we ignore the high 
amounts of C 19 , which may be a randomly deviate 
observation for this sample considering that the 
three layers would otherwise all show a mode at 
C,,, then here again the ashes and the underlying 
blackened soil would have a similar ehemieal 
eomposition and with small differences in their 
degradation, but here the ashes eontain alkanes 
that are well preserved. As in the ease of the rodent 
hole of strueture 2, here the walls of the anthropie 
hole have a similar eomposition in alkanes to the 
ashes in which it was dug (Fig. 18.48). 

Strueture 5 shows a unimodal distribution of 
n-alkanes that are centered on C 31 for the ashes 
and the blackened underly ing layer, and present a 
distribution of C 31 that is equilibrated with C, 9 as 
we saw before for the ashes and the intermediate 
layer of strueture 3. This phenomenon could be 
explained by the degradation of the ashes, which 
show aCPI alkanes of 1.37, compared to the CPI 
alkanes of the blackened layer that reaehes 5.07. 
The short alkanes eomponent is here very low for 


0.25 



Blackened soil Ashes Soil layers Reddish soil Holes 


Fig. 18.56. Concentration of short and long ehain n-alkanes of the 29 samples (long ehain: >C, () and 
short ehain: <C 2Ū ) in mg/m by kind of layer. 
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both samples in eomparison with the samples of 
strueture 3 (Fig. 18.57). 

Strueture 6 shows a similar unimodal degraded 
distribution for both samples, which are centered 
on C, 9 . The ashes (CPI alkanes = 1.67) are only a 


little more degraded than the black layer (1.78). The 
vegetal eomposition of this sample could differ from 
the other struetures studied from layer XXIV, but at 
the same time it also could have been transformed 
by a proeess of degradation (Fig. 18.57). 
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Fig. 18.57. N-alkanes distribution (mass eoneentration mg/g) for different struetures and site unit 
samples studied at Crvena Stijena. 
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Strueture 7 again shows a unimodal eomposi- 
tioncenteredon C tl t'ortheashesandtheblackened 
layer that in this ease eovers the strueture, but 
here the reddish soil underlying the ashes shows 
a bimodal distribution that is centered on C 21 and 
C 31 and where the values of the short n-alkanes 
are less at C, r Again, the lipids of the ashes (CPI 
alkanes = 6.02) are more degraded than lipids of 
the black layer (CPI alkanes = 10.30), but these 
lipids are well preserved in eomparison to other 
ash layers described above. The reddish soil is the 
most degraded ofthe three samples, having a CPI 
alkanes of 1.73. Its profile is dominatedby C 31 , but 
C 29 is elose to the value of C 31 here. Considering 
these results, it is possihle that the ash layers of 
this strueture have been contaminated by lipids 
eoming from the superior black layer (Fig. 18.57). 

Finally, both samples of the ashes limonite 
from strueture 8 have the same eomposition 
centered again on C 29 as we saw for strueture 6. 
These two samples, taken from the same layer, 
have some difference in their CPI values (1.18 and 
1.37) and there are more alkanes between C lg and 
C,, forthe first sample. These results demonstrate 
that we ean find small fluetuations in eomposition 
and degradation in the same layer (Fig. 18.57). 

The natural soils of Crvena Stijena eoming 
from layer XXIII show some differences in their 
degradation proeess. The sterile sample 2 is better 
conserved, with a CPI alkanes of 4.33, while the 
first one is degraded and has a lower CPI alkanes 
value of 1.41. This demonstrates that at some 
points the natural soils of Crvena Stij ena could be 
degraded in a well preserved matrix. In faet, this 
eonfirms the impression that motivated us to take 
a second sample at the site. When we took it, the 
first sterile sample had a “greasy” texture that did 
not refleet the eharaeteristies of the whole matrix, 
which eontains more sand. These eharaeteristies 
are linked to the presenee of humidity and some 
mycelium formation in the sample. Both samples 
are characterized by the slight dominance of 
C 29 . As we note, the natural samples have a lipid 
eomposition similar to some ashes or blackened 
layers eoming from fire struetures. At the same 
time, the well preserved sample has a bimodal 
distribution where the short part of the speetrum 
is centered on C 2I , while this bimodal distribution 
tends to disappear in the degraded natural sample. 
This could imply evidently that some samples 
from fire struetures taken from exposed profiles 
could be naturally degraded. 


As we have published before, the presenee of 
short alkanes in majority proportions could refleet 
the thermal degradation of lipids, indicating the 
presenee of ashes or wood ehareoal (Mareh 1995, 
1996,1999,2014; MarehetSoler 1999;Marchet 
al. 2014). As we ean see, the samples of Crvena 
Stij ena do not have a predominance of short ehain 
alkanes in any sample. Nevertheless short ehain 
alkanes are present at Crvena Stijena in many 
layers of reddish soils, ashes, and even in black 
layers. 

This phenomenon it is not new. We obtained 
the same kind of signatures from other ashes or 
black layers from Neanderthal fire struetures 
from sites in a travertine context as in the ease 
of the site ofEl Salt (Mareh et al. 2008; Sistiaga 
et al. 2010), where the bimodal distribution with 
a majority of short ehains is absent, but some 
samples have low quantities of <C 70 n-alkanes. 

The first explanation that we ean put forward 
is eontamination of the ashes by the chemically 
unaltered eomposition of their superior layers, as 
we hypothesized for the ehemieal eomposition of 
the ash layer of strueture 7. But even if this eon- 
tamination could explain the ease of fire strueture 
7, this eannot necessarily be extrapolated to the 
other samples. 

As we presented in the seetion above on mod- 
eling Crvena Stijena, the soils canby characterized 
primarily as anthropie soils that eontain important 
eoneentrations of organie matter, which in some 
eases could have an origin as eomhustion debris. 
The black layers presented here are good examples 
of this situation. As we have just seen, many of 
them eontain in their eomposition short alkanes 
associated with long ehain alkanes. Then, a good 
many of the soils where fire struetures were lit, or 
the blackened soils that are going to be covered 
after their use, eontain also ehemieal signatures 
of short alkanes. Flere it is important to rememher 
that none of these layers shows an ash signature 
with a majority of short ehain alkanes although 
many of them have short ehain alkanes in their 
eomposition. 

As must be expected, our experimental 
laboratory results show that when we exposed 
natural soils to heat the ehanges observed were 
related to the original eontent of these soils. For 
example, when we burned anthropized soils that 
eontain bimodal signatures similar to those ob- 
served at Crvena Stijena at 200°C we obtained a 
bimodal degraded signature where the eenters of 
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the distribution are displaced to more short ehain 
alkanes heeause of thermal eraeking of the lipid 
moleeules. Butthese shortehainalkaneseontinue 
to diminish as a funetion of temperature and end 
up absent at more than 600°C (Fig. 18.58). Thus, 
it is very likely that if black layers are altered at 
a temperature between 400°C to 600°C we could 
obtain both ashes and an alkane degraded signa- 
ture without short ehain alkanes and low values 
of CPI. This phenomenon could explain also the 
ehanges observed in the preservation of long 
alkanes where this preservation could indicate 
lower temperatures. 

it is evident that the signatures oflayer XXIII 
ean not be interpreted in this sense. Their laek of 
combustion products indicates that the natural 
eomposition of soils of the shelter is very elose 
to the data observed in the anthropie layers, with 
a unimodal distribution dominated by C 79 and C 31 
and showing also variation in their degradation 
signatures, with CPI alkanes values fluetuating 
between 1.41 an 4.36. Thus we ean assume that 
the anthropized layers eontain also organie matter 
eoming from this loeal environment. 

These long alkanes indicate the preservation 
of some vegetal markers in Crvena Stijena black 
layers. These vegetal biomarkers could eome from 
some remnants of ehareoal (due to ineomplete 
combustion) or could eame from decomposed 
vegetal items transported to the site by the Ne- 
anderthals. The relation between the three more 
important long alkanes is frequently used to iden- 


tify the nature of the aneient vegetal ecosystem. 
At Crvena Stijena we ean discard the presenee 
of submerged or floating aquatic plants given the 
laek of dominance of C 23 and C 75 alkanes (Fieken 
et al. 2000). 

Follo wing the work ofZech (Zech et al. 2009), 
the distribution of alkanes in natural soils ean be 
informati ve of vegetation history and give us infor- 
mation about the landscape that existed around the 
shelter in the past. In faet, the alternation between 
C 27 and C 31 could indicate whether we are in the 
presenee of lipids eoming from grasses and herbs 
or deciduous or eoniferous trees (Fig. 18.59). 
These different landscapes are recognized by the 
ehanges in the predominance of C 27 or C 31 in the 
different families of plants and their underlying 
soils. These authors also analyzed the values of 
soils under these different vegetal landscapes and 
applied the OEP (odd over even predominance 
index, Fig. 18.60), which is an index used like the 
CPI to determinate the maturation of the sample 
(Fig. 18.51). The obtained data shows the results 
of the variations resulting from the bacterial 
degradation proeesses in living soils under these 
vegetal eommunities that are characterized by an 
inerement of the even alkanes and a reduction in 
the predominance of one of the odd alkanes over 
the others. 

As we ean see in Fig. 18.61 the alkanes distri- 
butions fromCrvena Stijenasamples thathave an 
OEP index above 5 give results that allow us to 
infer that the origin of our alkanes distributions 



Fig. 18.58. Decay of n-alkanes in natural soil following exposure to heat. 
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Fig. 18.59. Mean n-alkane distributionpatterns from grasslands, deciduous, and eoniferous forests (Zech et al. 2009). OEP=odd over even predominance. Error 
bars indicate standard deviation. Based on data from Zech et al. (2008a), Marseille et al. (1999), Priigel (1994), Rommerskirehen (2006), and Rumpel & 
Wiesenberg (unpublished). 
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strongly corresponds to grasses and herbs. At the 
same time, the analysis of all the data, including 
the degraded samples, upholds this inferenee and is 
very similarto the data from soils under grassland. 
F urther isotopie analysis by CG-C-IRMS of these 
alkanes allows us to eonfirm the isotopie values 
of these alkanes. ln the whole sequence, only one 
sample, eoming from the white transition of the 
big strueture 3 from layerXX, shows a distribution 
of alkanes that could be related to deciduous or 
eoniferous trees, but at the same time this sample 
seems to be degraded, with an OEP of 1.78. 

The geologieal, archaeozoological, and ar- 
ehaeohotanieal data all agree in general that the 
environment around Crvena Stijena during the 
times of layers XX-XXIV was only occasionally 
very cold and that the area was largely forested 
with apredominantly eoniferous and only slightly 
deciduous forest (Morley, Chapter 7; Morin and 
Soulier, Chapter 14; Shaw, Chapter 17, all this 
volume). If this was so, then the signature of these 
alkanes could refleet speeifie conditions near the 
site of Crvena Stijena where grasses and herhs 
dominated the environment, or they could be the 
product of anthropie intake. The grasses could be 
transported to the shelter for living aetivities— 
to make beds or rend the ground of the hahitat 
more eomfortahle, or are related to Neanderthal 
nutrition, as was proposed by Henry, Brooks and 

OEP=(C27+C29+C31+C33)/C26+C28+C30+C32) 
Fig. 18.60. OEP Index (Zech et al. 2009). 



A 


Piperno (2011, 2014) and Fiorenza et al. (2015) 
for plant families of Tritieeae (relatives of wheat 
and barley) and in the Andropogoneae or Panieeae 
trihes. 

Fatty Aeiās 

As we have seen ahove, the fatty acids which 
are the prineipal eomponent of the lipid families 
found in the samples from Grvena Stijena have 
eharaeteristies that indicate a different origin 
than the alkanes. For example, their distribution 
between the different kinds of layers, eoneen- 
trations, and degree of eonservation are not the 
same as n-alkanes. Like the long alkanes, we 
know that the long ehain saturated fatty acids 
(>C 21 ) are hiomarkers of eontinental high plants 
(trees and leaves). The short fatty acids (< C 2Ū ) 
could represent both animal and vegetal lipids. 
The short ehain SFA are predominant in nearly all 
the samplesfromCrvena Stijena. Theirminimum 
proportion is 49.11% and their maximumpropor- 
tion is 99.16%, with amean of 83.88%. Only the 
hlaek layer of strueture 6 shows a predominance 
of long ehain SFA in its eomposition. The long 
ehain SFA have a minimum proportion of 0.83 
% and a maximum proportion of 50.88%, with a 
meanof 16.10% (Fig. 18.62). 

If we analyze the mean mass eoneentration of 
short and long ehain SFA in the different kinds 
of layers, we ohserve that the eoneentration of 
long ehain SFA is greatest in the soil layers, and 
diminishes through the hlaek layers, the ash lay- 
ers, and the reddish soils. The short SFA show a 



B 


Fig. 18.61. Mean n-alkane distribution patterns of alkanes between C26 andC33 fromCrvena Stijena 
samples. A - having and OEP index superior to 5 (OEP mean 9.75, n=9). and B - all the samples 
of the site including degraded samples (OEP mean 4.31, n=29). 
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differentbehavior. They are more concentrated in 
the blackened soils, and the soil layers, and they 
diminish through the reddish soils to the ash layers 
where the short SFA are present at their lowest 
eoneentrations (Fig. 18.63). 

This differential distribution between the 
long and short SFA could be also related to their 
respeetive origins. As we ean note, the long fatty 
acids diminished in eoneentration in agreement 
with the thermal alteration hypothesis presented 
above. Thus, the vegetal part of the SFA speetra 
diminishes as a funetion of the thermal alteration 
ofthe sample. The short SFAdo not follow exactly 
the same pattern of decrease in their eoneentration, 
but are also more concentrated in the blackened 
layers and the soils than the ashes or the reddish 
soils. We must rememher here that the sterile soil 
has very low eoneentrations of SFA, as mentioned 
above. 

The distribution of SFA by strueture and by 
sample shows eertain differences between the 
studiedsamples.TheconcentrationofSFAvaried 
between the different layers and struetures. As 
seen in Fig. 18.64, 20 of the 29 samples eontain 
low quantities, under 0.5 mg/g, of short ehain 
SFA. The other 9 samples are present in different 
struetures—strueture 3 of layer XX, struetures 
2, 3, 4, 5, and 7 in layer XXIV—and belong to 
different kinds of layers but mostly to blackened 
soils (n = 4), then Ashes (n = 2), soils (n = 1), or 
taphonomie disturbances (n= 1). Only one sample 
has more than 0.5 mg/g of long ehain SFA, the 
intermediate grey soil of strueture 3 of layerXX. 

The individual distribution of fatty acids in 
eaeh strueture has a pattern for the short fatty 


acids characterized by the predominance of C 16 
followed by C lg and C 14 in nearly all the strue- 
tures and in the natural soil from layer XXIII 
(Fig. 18.65). Only one sample—the blackened 
soil of strueture 6—has a predominance of C lg 
over C 16 . Within this great homogeneity of the 
distribution of short fatty acids, the differences 
observed are essentially variations in the amounts 
C lg and C 14 , with C 16 still dominant. 

For example, in the stratigraphie sequence of 
strueture 3 of layer XX we ean ohserve that the 
blackened soils have lower amounts of C ]g than 
the other samples of the strueture. At the same 
time, the blackened soils have higher amounts of 
C 14 than the other layers. The proportion of C lg 
inereases from the grey black layer and the white 
grey ashes that eonstitute the upper part of the 
ashes, and is most important in the reddish soil, 
followed by the white transition that underlies 
this soil, and decreases again in the grey soil, 
ending with the low amounts observed in the 
underlying black layer. The long ehain SFA are 
more concentrated here in the reddish soils. The 
long ehain SFA have a distribution centered on 
C 2 , or on C 24 . The grey black layer, the blackened 
soil 2, and the grey soil are dominated by C 24 , and 
the rest of the samples are dominated by C 22 . 

Turning to layer XXIV, in strueture 1 we 
again observe differences between the blackened 
soil and the ash layer, but here the situation is 
inverted and it is the ash layer that shows lower 
eoneentrations of C lg and higher amounts of C 14 . 
Here the blackened soil was better preserved and 
had a larger eoneentration of long ehain SFA than 
the ashes. These long ehain SFA show a bimod- 


■ Mean mass short fatty acids ■ Mean mass long fatty acids 
1.2 - 



Blackened soil Ashes Soil layers Reddsih soil Holes 


Fig. 18.63. Concentration of short and long ehain SFAof the 29 samples (long ehain: >C, 0 and short 
ehain: <C 60 ) in mg/m by kind of layer. 
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al distribution centered on C 2Ū and C 3Ū for the 
blackened soil that has a different signature than 
the ashes which are more degraded and eontain 
a eoneentration of C 25 . 

For strueture 2, here again the blackened soil 
shows larger amounts of C lg , but in this ease lower 
amounts of C 14 than the ash layer. The long ehain 


SFA are centered on C 0 , for the blackened soil 
and for the ash layer which is more degraded. 
The rodent hole is centered on C, r , and exhibits a 
different distribution for this part of the layer. 

Strueture 3 has a very similar distribution of 
C 14 , C 16 , and C 18 for all three samples. The only 
difference is the presenee of C p in the blackened 
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Fig. 18.65. Saturated fatty acids distribution for arehaeologieal samples from different struetures 
studied at Grvena Stijena. 
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soil vvhieh is ahsent from the other samples. For 
the long ehain SFA, the ashes are centered on C 22 
while the blackened layerhas abimodal distribu- 
tion centered on C, 4 and C 2g , and the intermediate 
layer has a bimodal distribution centered on C„ 
and C 30 . 

The profile of the blackened soil of strueture 
4 shows proportions between C 14 , C 16 , and C lg 
similar to those of the blackened soil of strueture 
2. This similarity is observed also for the ashes, 
which present a smallerproportion of C lg than the 
blackened soil. The ashes of these two layers also 
show very low quantities of C I2 . The anthropie 
hole has a profile of short SFA that is similar to the 
profile of the ashes, thus these two samples have 
similar profiles of short SFA and alkanes. As we 
saw in the previous samples, the long ehain SFA 
have different distributions. The blackened soil 
has a bimodal distribution centered on C, , and 
C 2g , while for the ashes this bimodal distribution 
is centered on C 24 and C 30 , and finally the anthropie 
hole has a bimodal distribution centered on C„ 
and C 30 . 

For strueture 5, the ashes and the blackened 
soil have a very similar distribution for the short 
SFA, but the ashes and the blackened soil again 
have very low quantities of C I2 . The long ehain 
SFAofthe blackened soil are centered on C 22 , while 
the ashes have very low quantities of long ehain 
SFA, with similar eoneentrations among them and 
no long ehain acid has a marked predominance. 

Strueture 6 shows a different distribution ofthe 
short ehain SFA. The blackened soil has a profile 
where C lg is greater than C 16 and the quantity of C 14 
is very low. The ashes show greater eoneentrations 
ofC 16 than C lg , similar to the profiles observed for 
struetures 2 and 4. Flere C 12 is absent. The long 
ehain SFAof the blackened soil of strueture 6 has 
a bimodal distribution centered on C 22 and C 30 . 
The ashes have a distribution similar to that of 
the ashes of strueture 5 where no partieular long 
ehain SFA is predominant. 

Strueture 7 shows similar distributions of 
short SFA for the blackened layer that eovers 
the strueture and for the reddish soil, where C 16 
is predominant over C lg . The intermediate grey 
ashes soil has a little larger quantity of C lg and 
a lower quantity of C 14 . C 12 is absent. The long 
ehain SFA have bimodal distributions in all three 
samples. They are centered on C 22 and C 2g in the 
ashes and the reddish soil, and in C 22 and C 30 for 
the blackened soil. 


Finally, in strueture 8 both ash layers have 
similar distributions for the short SFA, but for 
the long ehain SFA they show eertain differenc- 
es. The first sample has a bimodal distribution 
with peaks at C 22 and C 26 , while the second one 
shows a unimodal distribution centered on C 24 . 
A eoneentration of C„ was also observed for the 
blackened soil of strueture 6. 

A first and interesting observation is that these 
samples ean be grouped into two main groups 
based on their eoneentrations and distributions 
of long ehain SFA, one eonsisting of the samples 
from layerXX and the samples of the sterile layer, 
and a second that eontains the fire struetures of 
layer XXIV. In layer XXIV we have two further 
groups, one dominated by C 22 and C 26 and a second 
one where C 30 and C 32 ean be noted in the results. 
These differences could be related to ehanges 
in the vegetal part of the fats that are contained 
in layer XX and layer XXIV, and even ehanges 
between the two groups of samples from layer 
XXIV. 

An FCA-PCA analysis of the distribution of 
alkanes and SFA in Crvena Stijena allows us to 
understand better the groupings of our samples 
on the basis of the distributions of these SFA and 
alkane moleeules (Fig. 18.66). In this analysis, 
SFAC 16 and C lg are in opposite positions, and the 
alkane C 27 is in opposition with C 29 and C 31 on 
eomponent 2. This organization of predominant 
moleeules groups samples ofblackened soils eom- 
ing from the struetures 2, 3, 5, and 7 in one group 
(characterized by the presenee of alkanes C 29 , C 31 , 
and C 33 ), the blackened soils of samples 4 and 6 
in a second group characterized by the presenee 
of C lg and the even long ehain SFA, and finally 
in a third group the blackened soils of layer XX 
that are characterized by a strong predominance 
of SFA C 16 and important amounts of SFA C 14 . 

Most ofthe ashes and degraded soils are related 
to the presenee of even alkanes which denotes their 
thermal alteration. It is interesting to see that the 
sterile samples which have haeterial degradation 
are associated with these samples, while the sterile 
sample 2 that has a good preservation is in the 
opposite position on eomponent 1. Finally, we 
ean see that samples of ashes or grey layers are 
separated by the proportions of the SFAC lg , for 
example the ashes from struetures 1 and 6 or the 
ashes of strueture 7 that is positioned with the 
group showing good preservation of odd long 
ehain alkanes. 
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From these results we ean infer that we have 
differences in the eomposition of organie matter 
between black layers, thermo-altered lay ers sueh as 
reddish soils, and ash layers. The relationsbetween 
anthropie samples and natural samples of layer 
XXIII show a mimetie proeess where naturally 
degraded organie matter ean be confused with the 
organie matterpresent in the thermo-altered layers 
and the well preserved samples could be similar 
to the eontents of some black layers. Of eourse, 
this could imply also a global eontamination of the 
whole site with the same kind of organie matter, 
but this hypothesis could not explain all the differ- 
enees observed here. The separation observed for 
the long ehain SFA between the samples of layer 
XX and layer XXIV could be based on differential 
thermal degradation of the samples where the 
samples of strueture 3b are more degraded, ha ving 
a predominance of C 27 and even alkanes. 

Taking into aeeount the difference demon- 
strated between the thermo-altered layers and the 
black layers when we eompare the distribution 
of alkanes and the saturated fatty acids, we ean 
eompare the distribution of the unsaturated fatty 
acids and the branched fatty acids in our samples. 
As we know the unsaturated fatty acids could be 
an indicator of eontamination of the samples with 
young organie matter while the branched fatty 
acids are an indicator of bacterial transformation 
and the consequent degradation of organie mat- 
ter. If we analyze the relation between these two 


elasses of lipids according to the different kinds 
of layers, we see that the natural layers and holes 
have a eorrelation of 0.85, the black layers 0.61 
and the ash layers -0.13. Thus we ean conclude 
that the eorrelation of fatty acids is positive for 
the natural layers and decreases for black layers 
and ash layers. These relationships ean be seen 
in Fig. 18.67. This observation indicates that the 
samples are not contaminated by the natural eom- 
position of soil, the unsaturated fatty acids being 
less concentrated or directly absent in most of the 
thermo-altered layers. The branched fatty acids 
present indicate in these layers the traees of aneient 
bacterial activity. From this, we ean deduce that 
the black layers eonserve aneient organie matter 
that eontinues today its maturation proeess. The 
unsaturated fatty acids could disappear during 
the thermal alteration of these layers under the 
aetion of fires. 

If the organie matter of these samples was 
altered, the relation between saturated fatty acids 
and their isotopie values could be also modified. 
As we have demonstrated the amount of C lg 
inereases in the thermal alteration proeess, at 
the same time reeent experiments show that the 
isotopie values ofthermo-altered soils are depleted 
under the aetion of heat. Here the lower values 
for the C 16 /C 1S index correspond with the reddish 
soils while the ash layers and the black layers has 
nearly equal values, the natural soils and the holes 
have higher values (Fig. 18.68). 



Fig. 18.66. FCA-PCA (eorrelation) analysis of Crvena Stijena samples (SFA and Alkanes). 
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Thus the SFApresent in thermo-altered layers 
seem not to have been altered by heat aetion for 
the ash layers and the grey layers, but are a little 
more degraded in the reddish ones. We ean eon- 
clude that the SFApresent in the ash layers could 
be deposited in it after the thermal proeesses, a 
phenomenon that is regularly observed in eooking 
procedures with emhers in flat struetures. On the 
contrary, the alkanes refleet here the aetion of fire 
and derive partially from thermal eraeking. 

Relations to Fauna in Crvena Stijena 
But what could the Neanderthals have cooked 
in their fire struetures? As we have seen, all the 
samples from Orvena Stijena show a dominance 
of short ehain fatty acids, mainly as palmitie acid 
(C ]6 ). Thispredominance of short ehain fatty acids 


suggests that the fire struetures eontain organie 
matter of animal origin. As we checked by the 
C 16 /C lg index, these short ehain fatty acids are not 
changed by the aetion of heat in the majority of 
the layers present at the site. Therefore, we ean 
explore and analyze the fatty acids distributions in 
relation to their possihle animal origin as another 
hypothesis for the origin of fats at this site. 

Working at Grvena Stijena we must be ex- 
tremely eautious. The first prohlem here is that 
the list of faunal remains from Crvena Stijena, 
compiledby Malez(l 975) (Fig. 18.69) represents 
a faunal record where some speeies are today 
extinct, andconsequently theirbiology,behavior, 
and adaptation eannot be exactly determined. 
This is true even if hiologists have projected the 
present-day ethology of their families into the 



♦ Black layers 

■ Thermoaltered layers 

* Natural layers and holes 
—Lineal (Black layers) 


Fig. 18.67. Relation of eoneentration values of unsaturated fatty acids and branched fatty acids ae- 
cording to the different kind of layers founded at Crvena Stijena. 
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Fig. 18.68. C16/C18 SFA index for the different kinds of layers present at Crvena Stijena. 
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Fig. 18.69. Pleistoeene faunal speeies list founel in earlier excavations at Crvena Stijena of layers I 
to XXXI. Colors indicate layers XX and XXIV studied here. Layer XXIII is considered to be 
sterile. (after Malez 1975, with modifications) 
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past and if reeent work is heginning to explore 
the paleoecology of Neanderthals and animals 
living in the Pleistoeene and early Holoeene by 
isotopie analysis (WiBing et al. 2015; Krajcarz 
et al. 2014; Richards et al. 2008; Jiirgensen et al. 
2017). The second prohlem is the difficulty of 
projecting the aetual hehavior of living speeies 
onto the past landscape around Crvena Stijena. 
F inally, a third prohlem is that some of the aneient 
speeies still extant today are at risk of extinction, 
and it is therefore very difficult to find or eolleet 
lipid data related to some of the animals present 
in the fauna from the site. 

The analysis of the fauna indicates a varying 
speetrum of speeies for layers XXIV and XX. 
The following taxa are listed by Malez (1975) 
as present in layer XX: Equus eahallus german- 
ieus, Equus sp., Goeloāonta antiquitatis; Sus sp., 
Cervus elaphus, Cervus sp., Bos primigenius, 
Bovids, Capra ibex, and Capra sp. For layer 
XXIV, Malez lists as present: Marmota marmota, 
Ursus aretos priseus, Ursus ef. mediterraneus, 
Crocuta spelaea, Equus eahallus germanieus, 
Equusmosbachensis-abeli,Equus sp., Coelodonta 
antiquitatis, Sus serofa, Cervus elaphus, Cervus 
sp., Capreolus eapreolus, Bos primigenius, Bo- 
vids ,Rupicapra rupieapra, Capra ibex, and Capra 
sp. No quantitative data is given by Malez on 
the relative abundances of these speeies. Reeent 
excavations have not recovered enough fauna 
for aeeurate assessment of relative frequencies 
in layer XX, but for layer XXIV by far the most 
eommon speeies is Cervus elaphus, followed in 
descending orderof frequency by Equus eahallus 
ferus, Bos/Bison, Testuāo sp., Capra ibex/cauca- 
siea, and Dama dama (Morin, Chapter 14, this 
volume). 

For many of these speeies still living today, 
fatty acids eomposition has not been studied or 
has been studied only partially—to understand 
speeifie subjects, as for Capra ibex or Rupieapra 
rupieapra, (ValencakandGamsjāger2014; Span- 
genberg 2010; Carrer et al. 2016), or for Crocuta 
spelaea eoneerning other parts of their body than 
their adipose tissue (Crawford et al. 1976). For 
example, we know the lipids of the slein of Rupi- 
eapra rupieapra which were studied following 
the discovery of an aneient pieee of leather in the 
Swiss alps (Spangenberg 2010), or we know the 
isotopie values of their adipose tissue (Carrer et 
al. 2016) but not the exact proportions of their 
adipose fatty acids. In the same sense the anal fatty 


acids of the hyena ( Crocuta spelaea ) were studied 
because they play a role in their eommunieation 
and soeial organization (Marchlewska- Kog et 
al. 2001), but again the distribution of SFAin the 
rest of the body was not detailed. 

For endangered speeies sueh as the rhinoe- 
eros or the Przewalski horse that could be used 
for eomparison with the extinct speeies woolly 
rhinoeeros ( Coelodonta antiquitatis) or Equus 
eahallus germanieus, we have only a partial 
description of the saturated fatty acids of their 
plasma, detailed for C 16 and C 18 (Leat et al. 
1979), or the total eomposition of their milk (for 
rhinoeeros) (Osthoff et al. 2007). 

Another point that we must take into aeeount 
is the position of some animals identified at 
Crvena Stijena in the trophie ehain. Some of the 
earnivores listed by Malez as present at Crvena 
Stij ena could be there eitherby anthropie aetion or 
from natural eireumstanees. The bears and hyenas 
are known to us as reeurrent users of shelters and 
eaves as habitats for living, hibernating, or for 
seavenging. Thus, some animals may not make 
an important contribution to Neanderthal diet if 
they are not really consumed at the site. Bears 
are in speeial position because even if they are 
considered as omnivores and in some way eom- 
petitors or dangerous for men, they are frequently 
included as eventual prey in the food ehain of 
Neanderthals. Although Neanderthal diet is still 
being actively debated (see, for example Morin, 
Speth and Lee-Thorp 2017), some reeent studies 
of isotopie eomposition of Neanderthal bones 
seem to indicate that Neanderthals were mostly 
earnivorous, and that their favorite prey varied by 
region, being large herbivores including bovids 
and horses in our region, and mammoth, woolly 
rhinoeeros, and reindeer in northern European 
sites (WiBing et al. 2015; Richards et al. 2008; 
Bocherens et al. 2005a, 2005b). Other authors 
suggest the necessity of considering also their 
eonsumption of vegetal foods (Fiorenza 2015; 
Fiorenza et al. 2015), which includes natural 
grasses as we mentioned in the analysis of the 
alkanes fraetion. 

Working with these limitations we ean still 
explore whether the samples of Crvena Stijena 
correspond to some ofthe families of animals listed 
above. As we and others have pub lished pre viously 
(Mareh 2013), the analysis of the distribution ofthe 
three prineipal saturated fatty acids, C 14 , C 16 , and 
C lg , ean help us to investigate the possible origin 
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ofour samples (Mareh, Baldessari and Gross 1989; 
Mareh et al. 1989, 1995, 1999; Mareh and Soler 
1999; Malainey et al. 1999b, 1999a; Eerkens 2005; 
Buonasera 2005; Koirala and Rosentreter 2009). 
Aternary plot of C 14 , C 16 , andC18 in the Crvena 
Stijena samples (Fig. 18.70) showsa unique group 
of thermo-altered samples of ashes and reddish 
soils surrounded or sometimes superposed by the 
hetter preserved samples eoming from the hlaek 
layers, holes, and natural sterile soils. Only one 
sample from strueture 6 was situated outside of 
this group heeause of its high proportion of C lg . 
If we eompare this distribution with data from 
different families of animals observed at Crvena 
Stijena, we ohserve a numher ofcorrespondences. 

The distribution of the Crvena Stijena samples 
agrees with the distribution of values helonging to 
hones and marrow, and partially with values for fat 
and musele, of the Bovinae, which are rieh in C 16 , 
with the exception of milk and hutter (Badiani et 
al. 2002; Banskalieva et al. 2000; Baublits et al. 
2006; Belitz andGrosch 1999; Cifuni et al. 2004; 
Crawford et al. 1970; Dalle Zotte 2002; Elias 
Calles et al. 2000; Enser et al. 2000; Frediksson, 
Eriksson and Piekova 2007; Guerrero et al. 2015; 
Gunstone et al. 1995; Flaenlein 2004; Hilditch and 
Williams 1964; Hubbard and Poeklington 1968; 
Jandal 1996; Kagawa et al. 1996; Lucquin 2007; 
Malainey et al. 1999b, 1999a; Marehhanks 1989; 
Morgan et al. 1973; Paleari et al. 2003; Rottlānder 
1991; Rule et al. 2002; Warren et al. 2008; Yang 
et al. 2002) (Fig. 18.71). 

For the Cervidae (Gunstone et al. 1995; 
Hilditch and Williams 1964; Hoffman and 
Wiklund 2006; Lucquin 2007; Malainey et al. 
1999b, 1999a; Marehhanks 1989; Paleari et al. 
2003; Petkov 1986; Phillip et al. 2007; Polak et 
al. 2008; Rottlānder 1991; Sampels 2005; Volpelli 
etal. 2003; Wiklund etal. 2003; Zomborszky and 
Husveth 2000) the samples of Crvena Stij ena eor- 
respond more closely to samples of musele lipids, 
enriched in C.,, than to fats and liver which have 

lo 7 

higher proportions of C 18 . However, these fats 
and liver could explain the sample of strueture 6 
(Fig. 18.71). 

The Suidae family (Banskalieva et al. 2000; 
Belitz and Groseh 1999; Dalle Zotte 2002; Enser 
et al. 1996,2000; Gareia-Olmo et al. 2002; Gun- 
stone et al. 1995; Hilditch and Williams 1964; 
Hubbard and Poeklington 1968; Hōgherg et al. 
2004; Kagawa et al. 1996; Lucquin 2007; Maw 
et al. 2003; Paleari et al. 2003; Pathak et al. 1959; 


Paredes Sabja 2002; Skewes et al. 2009; Wood 
et al. 2008) corresponds hetter with the Crvena 
Stijena samples than the Cervidae, showing a 
superposition of Suidae samples from fat, musele, 
bone, and adipose tissue with most of the samples. 
Among the samples from Suidae, only the liver 
samples could explain the distribution of the 
sample eoming from strueture 6 (Fig. 18.71). 

The Caprinae samples (Banskalievaet al. 2000; 
Gunstone et al. 1995;Haenlein2004; Jandal 1996; 
Soryal etal. 2005; Paleari et al. 2003; Raynal-Lju- 
tovaea et al. 2008; Rhee et al. 2000) fall mostly 
outside of the distribution of the Crvena Stijena 
samples, but again some are near the sample of 
strueture 6. This is heeause of the distribution of 
C 14 and C lg in this family (Fig. 18.71). 

The Ursidae family (Kākela and Hyvārinen 
1996; Cattet et al. 2001; Iverson and Ofledal 1992; 
Iverson et al. 2001) shows samples that are more 
enriched in C 1(i than most of the samples from 
Crvena Stijena, but the two samples found of 
Ursus aretos, which must be the speeies actually 
at the site rather than Ursus amerieanus, show 
some coincidence with the areheologieal ones 
(Fig. 18.71). 

We ean conclude this review of the big game 
with the Equidae family (Hilditch and Williams 
1964; Gunstone et al. 1995; Paleari et al. 2003; Lee 
etal. 2007; Tonia et al. 2009; Mamani andLinares 
2013) which shows only a low correspondence 
with the Grvena Stijena samples (Fig. 18.71). 

We must mention here that the values of tri- 
glycerides, phospholipids, and eholesterol esters 
studied in blood samples of rhinoeeros show a 
very signifieant proportion of C lg (C 16 /C 18 index 
1.66), and their milk has an indexof 1.77 (which 
is eomparahle only to the reddish soils, but other 
parts of the body should have different values 
that could be more eomparahle to Crvena Stijena 
samples (Leat et al. 1979; Osthoff et al. 2007). 

Thus it appears that the distribution of C 14 , 
C 16 , and C lg fatty acids at the site coincides rel- 
atively well with the eomposition of Bovidae, 
Suidae, and Cervidae. The Caprinae, Equidae and 
Ursidae show only partial coincidence. The big 
strueture 3 of layerXX, which is more enriched in 
C 16 , could coincide more with Bovidae, Ursidae, 
and Equidae values. This could imply a different 
souree for fatty acids in these two different layers, 
or some ehanges in hehavior between layer XX 
and XXIV. Finally, we could find only four sam- 
ples of white adipose fat (Cochet et al. 1999) of 
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Fig. 18.71. Ternary representation of saturated fatty acids (C 14 C 16 & C lg ) distribution of Bovinae, 
Cervinae, Suidae, Caprinae, Ursidae, and Equidae referenee samples in eomparison with arehe- 
ologieal samples from Crvena Stijena. 
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Marmota marmota for eomparison, and this does 
not correspond to the fatty acid distributions of 
the Crvena Stijena struetures (Fig. 18.72). These 
results fit moderately well with the faunal data, 
which indicates a primary relianee on Cervidae, 
followedby Equidae and Bo vidae (Morin, Chapter 
14, this volume), but we need to investigate further 
the possible sourees of organie compounds in our 
Crvena Stijena samples. 

The Thterpenes 

The triterpenes are an important family to 
determinate the origin of organie matter. They 


are recognized as biomarkers refleeting the ani- 
mal or vegetal origin of a sample but are also an 
indicator of degradation proeesses and specialized 
aetivities (Charrie- Duhaut et al. 2009; Evershed 
1993;Evershedetal. 1992;Evershedetal. 1997; 
Evershed and Connolly 1994; Heron et al. 1991; 
Mareh 1995a, 1996, 1999, 2013; Mareh et al. 
1989; Mareh et al. 2003a; Mareh et al. 2014, 
Mareh and Soler Mayor 1999; Pepe et al. 1989; 
Pepe and Dizabo 1990; Regert et al. 2003a; Regert 
and Rolando 2002; Regert et al. 2003b). 

Unfortunately, the majority of the Crvena 
Stijena samples do not eonserve this family of 


C16 



Gonadal 
• Subcutaneus 


Fig. 18.72. Ternary representation of saturated fatty acids (C 14 C 16 & C lg ) distribution of Marmota 
marmota SFA referenee samples in eomparison with areheologieal samples from Crvena Stijena. 
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moleeules because of their degradation. Only five 
samples eonserve some sterols: the rodent hole 
near strueture 2, the ashes and the blackened soil 
of strueture 5, one sample ofashes from strueture 8 
in layerXXIV, and the sterile sample 1 from layer 
XXIII. No sample from layerXX has conserved 
sterols in it (Fig. 18.73). 

The sample from the rodent hole is the riehest 
in sterol mass (3.85 pg/g) and variety, having dif- 
ferent proportions of eholesterol (12.87%), eholes- 
tanol (2.67%), ergosta-7.22-dien-3P-ol (2.87 %), 
stigmasterol (13.35%), sitosterol (53.18%), and 
stigmastanol(7.79%).Thiscomposition indicates 
a mixed origin for the sterols of this sample, 
dominated by a vegetal eomposition but having 
also animal signatures. Both samples of strueture 
5 have very low eoneentrations, and only traees 
of eholesterol. The ashes sample has more eho- 
lesterol (0.02 pg/g) than the blackened one (0.004 
pg/g). The ashes limonite sample from strueture 
8 shows very low quantities of eholesterol (0.01 
mg/g) and sitosterol (0.03 mg/g), thus sitosterol 
is predominant in this sample (66.48%) in eom- 
parison to the 33.51% of eholesterol. Finally the 
sterile sample 1 has only traees of animal sterols 
in the form of eholesterol (89.87%), with (0.06 
mg/g), and eholestanol 10.12% (0.007 mg/g). 

As we see, the samples of ashes that have 
preserved sterols show either animal origins or 


a mixture of animal and vegetal origin of the 
sterols. The one black layer has an animal origin, 
as does the sterile layer. The difference between 
the anthropie layers and the rodent hole and the 
sterile 1 samples is that eholesterol is the unique 
animal sterol in anthropie samples, while it is 
accompanied by eholestanol in the rodent hole 
and the sterile sample. The rodent hole has a 
predominance of vegetal sterols that show a great 
diversity. This eonfirms the reeent formation ofthe 
organie matter of these samples that could serve 
in future work as an indicator of rodent eontami- 
nation. The low preservation of sterols at Crvena 
Stijena could be related to the thermal alteration 
of the samples, but also to a general degradation 
of the profile samples studied here related to the 
formation proeess of the shelter. But this absence 
of sterols does assure us that there has been no, 
or undetectable, eontamination of the majority 
of the samples studied here by contemporary 
agents. Finally, and compared to the discovery of 
traees of feeal matter at other Neanderthal sites 
as E1 Salt or Mallaha, there are no data indicating 
the eonservation of feeal matter in these profile 
samples. 

Therefore, the poor preservation and the low 
amounts of sterols observed in the anthropie 
samples does not let us definitively establish 
the general origin of the organie matter present 
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Fig. 18.73. Pereentage of sterols present at Crvena Stijena. 
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and leaves open the possibility of either or both 
animal and vegetal origin of the other lipids in 
these samples. 

Exploring the Possihle Origins of 

Organie matter by the Analysis of 

isotopie FAMEs 

As we have shown at the site of Mallaha 
(Mareh 2013), moleeular isotopie analysis ean 
help us hetter understand the origin of the organie 
matter of fire struetures and soil samples. The 
CG-C-IRMS technique ean be applied to FAMEs 
(fatty acid methyl esters) and alkanes alike to 
detenninate their origin. We hegin our exploration 
with the study of FAMEs, leaving the study of 
alkanes for future investigation. Our objective in 
this work is to try to define the origin of fatty acids 
in the different kinds of samples studied here: ash 
layers, hlaek layers, and reddish soil layers. This 
work faees all the difficulties mentioned ahove 
for the analysis of the distributions of fatty ae- 
ids, including obviously the faet that the animal 
speeies which lived in the Pleistoeene ean show 
differences with their living relatives in biology, 
behavior, and in adaptation. This implies that we 
could perhaps ohserve ehanges in nutrition that 
ean difficult to understand by extrapolation from 
the examples of living animals. 

First at all, we must note that not all the 
samples from Crvena Stijena eontain suffieient 
material to apply this method. The reddish soil 
of layer XX, the ashes and the blackened soil of 
strueture 1, the blackened soil of strueture 5, and 
the ashes and the blackened soil of strueture 6 
do not give viable results and must be removed 
from this study. The prohlem lies essentially in 
the C ]8 concentration forthe first five samples and 
in the C 16 eoneentration for the blackened soil of 
strueture 6. 

The other samples eontain enough organie 
matter and give reliahle results of 5 13 C isotopie 
values. The samples studied from Crvena Stijena 
have values between 

-34.37%o and-25.52%o forC 16 and-29.40%o and 
-25.76%o for C lg . The mean value for C 16 is of 
-29.38%o and -27.54%o for C lg . Thus, at Crvena 
Stijena we see that the C 18 values are enriched in 
eomparison to C 16 values (Fig. 18.74). 

It is interesting to note that the isotopie values 
of the samples form two groups, one with more 
enriched values and the second with more de- 
pleted ones. These two groups separate samples 


that we had differentiated before on the basis of 
some of the eharaeteristies of the more depleted 
group which eontains samples that show good 
preservation: the rodent hole, the sterile sample 
2, and the two blackened layers that frame the 
big combustion strueture 3 of layer XX. Close 
to these two samples we find the samples of the 
upper ashes and the grey soil situated under the 
white transition of the big strueture 3 of layer 
XX. Other samples from the same strueture are 
associated with the other group, in which are found 
all the samples from layer XXIV. In this group is 
found also one the best conserved samples from 
strueture 8, while the degraded samples are also 
near the degraded sample of the sterile layer. The 
samples of struetures 2,3,4, and 7 of layerXXIV 
form the enriched group and eonserve a eertain 
organization in this group, where they are elose 
together but arrayed along an axis from less to 
more enriched values of C 16 and C 18 (Figs. 18.74- 
18.75). 

There is no regularity in the internal position 
of the samples, sometimes the ashes are more 
enriched and sometimes the blackened layers have 
the more enriched values within eaeh strueture. 
These results indicate that eaeh sueeession of 
layers in the fire struetures has similar values that 
are differentiated only by a small enriehment or 
depletion of one of the samples in the sequence. 
At the same time, these results indicate that most 
of the fatty acids of the Crvena Stijena fire strue- 
tures have the same eomposition even if they are 
not situated at the same layer. The fatty acids of 
the rodent hole and of the sterile layer sample 2 
are situated here near some black and ash layers 
of layer XX, while the fatty acids of the walls of 
the anthropie hole are grouped with all the other 
samples (Fig. 18.75). 

An interesting point is that the differences 
between samples seem to be a funetion of the 
relative proportions of C 16 and C lg . In faet, if we 
eompare the index C 16 /C lg and the mean isotopie 
values for eaeh sample we obtain a negative eor- 
relation value of-0.72 with an r 2 = 0.52 which 
indicates a signifieant trend in the proportional 
relation of these two acids. Where this index 
has higher values, in most eases the samples are 
more depleted, i.e., at Crvena Stijena the more 
the fatty acid C 16 is concentrated in the samples, 
the more depleted they are. In general, given 
some nutriments sueh as deer meat, haeterial 
transformation enriehes the values of samples in 
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periods of time as short as 18 months of hurial, 
as we have demonstrated in reeent experiments. 
A similar but lower enriehment phenomenon 
was observed in some kinds of eooking, sueh 
as hoiling. On the contrary, heat aetion (ahove 
300°C) on soil lipids provokes depletion in the 
isotopie signatures, as has also been shown in 
reeent experimental work (Mareh 2017; Mareh et 
al. 2017). Consequently, the fatty acids at Crvena 
Stijena seem not to be depleted by the aetion of 
fire. The eloseness observedbetween the different 
samples of the same strueture implies a similar 
eomposition of the different stratigraphie layers, 
and even if we see some differences within eaeh 
strueture, the possibility exists that the fats depos- 
ited after eomhustion or eoming from the waste 
present in black layers could spread through the 
whole strueture considering their thinness. 

if we eompare the results at Grvena Stijena 
with other examples from different parts of the 
world, we ean develop a hypothesis about the 


animal or vegetal origin of the Crvena Stij ena fatty 
acid samples. First, if we eompare the samples 
with lipids from C3 and C4 plants (our data and 
Spangenherg and Ogrine 2001; Spangenherg and 
Dionisi 2001; Dungait et al. 2008, 2010), we ean 
conclude that the fatty acids of the Crvena Stij ena 
samples do not fit a vegetal origin (Fig. 18.76). 
They are more enriched than C3 plants and more 
depleted than C4 ones. Only three samples, of 
cabbage, pumpkin, and nettle, have values that 
mateh certaindepletedsamples ofCrvena Stijena 
and the ash sample of strueture 4. Of eourse, it is 
ohvious that only nettle or some aneient speeies of 
Erassiea could have been present in a prehistorie 
European context. Our purpose is only to show 
that some samples could have a possihle vegetal 
origin. As shown by the alkane analysis, it is 
possihle that these fatty acids could have eome 
from grasses and herbs of grasslands which could 
have been transported to the shelter by natural or 
human agents. The values observed here for the 
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Fig. 18.74. Carbon isotope eomposition of stearie acid (d 13 C lg0 ) versus palmitie acid (d 13 C 16 ū ) from 
Crvena Stijena samples. 
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fatty acids do not coincide with the values observed 
for a mesotropie grassland C3 plant community, 
which shows more depleted values than those 
observed at Crvena Stijena (mean values = -39.0 
from herbs, -36.9 for shrubs, and -36.2 for trees 
[Dungait et al. 2008] or -3 7.26 from herbs, -3 7.66 
for shrubs, and -39.02 for trees [Dungait et al. 
2010 ]). 

If we eompare the mean values ofthese vegetal 
samples with animal samples obtainedby our and 
other studies (Evershed et al. 2002; Spangenherg 
et al.2006; Gregg et al. 2009; Outram et al. 2009; 
Gregg and Slater 2010; Lucquin et al. 2016; Oras 
et al. 2017), we ean see that Crvena Stijena has 
5 13 C values of C 16 and C lg more eloser to the 
animal samples although at Crvena Stijena the 
mean of C 18 is higher than the mean value of C 16 
(Fig. 18.77). This difference could be explain by 
the partieular animal origin of our samples. As 
we know, ruminants ineorporate speeifie saturated 
compounds sueh as C18:0 directly from their diet 


into their tissues, following biohydrogenation of 
the unsaturated preeursors in the rumen (Harrison 
and Leat 1975; Krogdahl 1985; Colonese et al. 
2017). This proeess eauses a depletion in 5 13 C 
compared to the synthesized fatty acids sueh as 
C 16 . This differential proeess is absent in mono- 
gastrie speeies sueh as the omnivorous ones. 

When we eompare the samples of Crvena 
Stijena with the data compiledby Evershed (2008) 
for the British Isles (Fig. 18.78), we ean see that 
some samples coincide with the distribution of 
horse, goose, or ehieken, but most of the samples 
are situated in a diagonal between horse and pig. 
The ashes of strueture 3 of layer XX fall with 
the horse samples, and the sterile sample 1 of 
layer XX is also found near these samples. The 
samples of ash from strueture 4 are situated in 
the group of adipose samples from goose, and 
the intermediate layer of strueture 3 gives results 
that coincide with values of the adipose tissue of 
ehieken. No sample ean be related to deer, cow, 



5 13 C 16:0 (7..) 
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Fig. 18.75. Grouped values by strueture ofcarbon isotope eomposition of stearie acid (d 13 C lg0 ) versus 
palmitie acid (d 13 C 160 ) from Crvena Stijena . 
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or sheep fats. The eomparison with the samples 
eoming from Kazakhstan (Outram 2009) shows 
again a displacement of the Crvena Stijena sam- 
ples away from the equine adipose area or the 
ruminant adipose area. Only two samples, the 
samples of ash limonite of layer XXIV and the 
sample from the sterile layer XXIII, fall in the 
confidence intervals presented by Outram from 
adipose tissues of ruminant or equine. 

A eomparison with the alpine region using the 
data of Sangenherg et al. (2006,2010) and Carrer 
etal. (2016)showsdifferentrelations(Fig. 18.79). 
Here the enriched samples of Crvena Stijena eor- 
respond partially to pig (Sus serofa domesticus) 
adipose tissue or with young herhivores like ealf 
(Bos taurus) and lamb (Ovis aries). It is interest- 


ing to see that here the adipose tissues of the pig 
overlap both with the samples of the fire struetures 
and also with the sample of the sterile soil. The 
range of the isotopie values of this speeies in the 
alpine region refleets the present heterogeneity in 
the alimentation of this omnivore. The samples 
of leather of wild boar (Sus serofa), ehamois 
(Rupieapra rupieapra), red deer ( Cervus elaphus), 
and eattle (Bos taurus) are positioned near to the 
adipose tissue of the pig, ealfi and lamb and are also 
near the samples eoming from the fire struetures 
of Crvena Stijena. The well-preserved samples, 
which present more depleted values, are elose to 
the C3 plants of this region. But here the adipose 
tissue of deer and eattle seem to move away from 
the Crvena Stijena samples. 
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Fig. 18.76. Carbon isotope eomposition of stearie acid (d 13 C lg0 ) versus palmitie acid (d 13 C 16 ū ) from 
Crvena Stijena and modern vegetal samples: millet, Panieum miliaeeum (leaves-seeds); eorn, Zea 
mays (seed); Cola sp. (wood); cabbage, Brassica oleraeea', kohlrabi, Srassiea oleraeea eonvar; 
spinaeh, Spinaeia oleraeea (leaves); liehen (eomplete); beans, Phaseolus vulgaris (seed); taro, 
Colocasia eseulenta eseulenta (root); wild earrot, Daucus earota (root); flax, Linum usitatissi- 
mum (leaves); hazelnut, CoryIus avellana (seed); riee, Oryza sativa (seed); manioe (eassava), 
Manihot eseulenta (root); nettle, Urtiea sp. (leaves); parsnip, Pastinaea sativa (root); potato. 
Solanum tuherosum (root-oil); oat, Avena sativa (seed); wheat, Tritieum aestivum (seed); and 
eaeao (butter). (Our data and Spangerberg and Ogrine 2001; Spangerberg and Dionisi, 2001) . 
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The work of Carrer et al. (2016) is most inter- 
esting heeause he has studied the adipose tissue 
of the ehamois ( Rupieapra rupieapra), the alpine 
ibex ( Capra ibex), the roe deer ( Capreolus eapre- 
olus), and the alpine marmot ( Marmota marmota) 
four speeies that are present at Crvena Stijena in 


Crvena Stijena Vegetals Animals 



C16 C18 C16 C18 C16 C18 


Saturated fatty acids 

Fig. 18.77. Box ehart for d l3 C values ofC16 and 
C18 fatty acids from our and hihliographie 
data used in this artiele. 
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a Neanderthal context. As we ean see, the value 
for present-day Marmota marmota, a rodent, 
is situated elose to the Crvena Stijena samples. 
The samples of Rupieapra rupieapra and Capra 
ibex are a little further away and more depleted. 
The samples of eattle (Bos taurus) and sheep 
(Ovis aries) are still more depleted and the most 
distant from the Crvena Stijena samples, as are 
the samples of red deer (Cervus elaphus) which 
are positioned near the milk and eheese samples. 

If we eompare our samples with samples eom- 
ing from some distant areas like Japan (Heron et 
al. 2016; Lucquin et al. 2016) or North Ameriea 
(Graig et al. 2011, 2012, 2013; Taehe and Craig 
2015) we ean also see some interesting relations 
(Fig. 18.80). When we eompare our samples with 
the Japan referenee samples we see that again 
the Crvena Stijena samples are situated near the 
samples of wild boar (Sus serofa) and are distant 
from the samples of the wild Japanese ruminants. 
At the same time it interesting to ohserve that here 
the samples of Crvena Stijena are near those of 
freshwaterfishand Salmonidae samples. This was 
not the ease for the freshwater fish of Kazakhstan 
collected by Outram. Certainly, in the faunal list 
of Crvena Stijena fish are ahsent, but this could 


Crvena Stijena vs Outram et al. 2009 



Fig. 18.78. Carbon isotope eomposition of stearie acid (d 13 C C lg 0 ) versus palmitie acid (d 13 C C 160 ) 
from Mallaha and modern animal samples: pig, fish, ehieken, goose, horse, deer sheep cow, and 
sheep and cow milk from the British Isles (Evershed 2008) and poreine, equine and ruminant 
adipose and freshwater fishes from Kazakhstan (Outram et al. 2009). 
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be related to a eonservation problem which 
could be envisaged as a possihle explanation. 
More eonerete is the assoeiation with the wild 
boar. The assoeiation with omnivore samples is 
repeated in the eomparison with different samples, 
and this speeies is present in the layer XXIV list 
produced by Malez (1975). In the eomparison 
with the North Ameriean faunal lipid referenees, 
we see first of all that there is a larger numher of 
speeies situated at enriched positions similar to 
the position of Crvena Stijena samples. We ean 
ohserve the proximity of Ursus amerieanus (an 
omnivore) and the Procyon lotor (raeeoon, also 
an omnivore), but we also see samples of Rangifer 
taranāus. Samples eoming from Crvena Stijena 
are always more depleted in C 16 than the refer- 
enee ones. It is interesting to see, if we consider 
the role that Ursidae seem to have occasionally 
in Neanderthal nutrition, that the only sample of 
the Ursidae family is situated near the samples 
of Crvena Stijena, which are far away from the 
red deer, moose, heaver, hare, muskrat, and otter. 
Only the white tailed deer are situated elose to 
the Crvena Stijena samples. 

Using these results we ean eompare in a single 
figure the different values from wild boar and 
pig ( Sus serofa and Sus serofa domesticus) with 


the data obtained for the Crvena Stijena samples 
(Fig. 18.81). The eomparison has some interesting 
results. The more depleted samples of Crvena 
Stijena fall together with the samples collected 
by Gregg (Gregg et al. 2009) in the Middle East, 
while other Crvena Stijena samples coincide with 
the samples of wild boar from Franee (Mareh 
2013) or from the alpine region (Spangenberg 
2006). The samples of bones and adipose tissue 
eoming from the work published by Colonese 
et al. (2017), have also show some coincidence 
with our Crvena Stijena samples. These results 
reinforee the hypothesis of the presenee of lipids 
of Sus serofa in Crvena Stijena fire struetures, 
but it must be considered with eaution because 
other omnivores could also have been consumed 
at the site. The eating of bears by Neanderthals is 
attested by bone isotopie studies, and the values 
of the only sample of Ursus that we have has 
values near the samples of Grvena Stijena. If 
we take into aeeount that omnivorous animals 
eonsume a large speetrum of food sourees and 
vary their alimentation frequently compared to 
herbivores, the carbon present in their fatty acids 
is going to represent a wide range of nutrients 
from both animals and plants (Budge et al. 2011; 
Deniro and Epstein 1978; Howland et al. 2003; 


Crvena Stijena 
vs Spangenberg 2006,2010 



Crvena Stijena 
vs Carrer 2016 
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Fig. 18.79. Carbon isotope eomposition of stearie acid (d 13 C C lg 0 ) versus palmitie acid (d 13 C C 160 ) from 
Crvena Stijena (Spangerberg et al. 2006, 2010, Carrer 2016) - ealf, eattle deer pig and whitefish 
adipose samples from different plaees in eentral Europe (from organie farms and markets) and 
finally cooked meat from eattle, lamb, and horse. 
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Rues et Chamberlain 2010; Stott et al. 1997; 
Trust Hammer et al. 1998), but it is difficult to 
believe that all the variation observed at Crvena 
Stijena corresponds to the variation within only 
one speeies. 

As we see the prohlem here, it is always the 
more depleted (in C 16 or C lg ) samples of Crvena 
Stijena that fall in the zones of possihle identi- 
fieation, and it remains a faet that the samples 
of Crvena Stijena are more enriched in C lg and 
more depleted in C 16 in all the samples that we 
have analyzed here. Therefore, even if a “fat of 
omnivores” hypothesis ean be supported by these 
lipid analyses, and even though the samples defin- 
itively do not refleet the more eommon values of 
ruminants, we must rememher that some “cold” 
eases like the young eattle and sheep of the alpine 
region are elose to samples of earihou eoming from 
cold regions of North Ameriea, and we must be 
eautious and also consider otherpossibilities. The 
future study of samples of Ursus aretos could help 
us to better elucidate the omnivore hypothesis. The 
other prohlem is that even if we suppose that in the 
Mediterranean forest landscape there is going to be 
a lower proportion of C4 plants, we do not loiow 
exactly the different photosynthetic pathways of 
plants that couldbe consumedby animals in MIS 


Crvena Stijena vs Heron (2016) 
anel Lucquin (2016) 



4 and 5. This could pose some prohlems heeause 
the Crvena Stij ena samples show values that could 
imply the ingestion of eertain proportions of C4 
plants, or even CAM plants eoming from aneient 
lakes that could have existed in the past, and could 
ereate some enriehment ofC lg signatures (Deniro 
and Epstein 1978; Stott et ai. 1997; Morton and 
Schwartz 2004; Pearson et al. 2007; Rues and 
Chamberlain 2010; Gregg and Slater 2010). On 
the other hand, this hypothesis could be rejected 
considering the depleted values of C 16 . 

Following this discussion, if we determine 
their D 13 C values ( = d 13 C lg0 - d 13 C 160 ) (Copley 
et al.2003; Copley 2005a, 2005b; Outram et al. 
2009; Gregg and Slater 2010; Mareh 2013), we 
ohserve that the Crvena Stijena samples nearly 
all coincide with the poreine (omnivorous) family 
and are in the region attributed to C3 diets, and 
only two samples—the degraded sterile sample 1 
of layer XXIII and one of the two samples of the 
ash limonite layer of lay er XXIV—are distributed 
with herhivores and could also correspond to diets 
more enriched in C4 (Fig. 18.82). 

Crvena Stijena vs Craig (2011, 
2012 & 2013) 

anel Taehe and Craig (2015) 
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Fig. 18.80. Carbon isotope eomposition of stearie acid (d 13 C C 18 . 0 ) versus palmitie acid (d 13 C C 160 ) from 
Crvena Stijena and modern animal samples from Japan and north Ameriea (Japan: Heron et al. 
2016, Lucquin et al. 2016;NorthAmerica: Graig et al. 2011,2012,2013, Taehe and Craig2015). 
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If we link the fatty acids distributions and the 
isotopie results, we ean conclude that the only real 
matehes found in our results are with the Suidae 
and some young speeimens of alpine Bovidae 


reported by Spangenberg. Capra ibex and Rupi- 
eapra could be also good candidates to eomplete 
the list if we think that they had a enriched diet 
in the past. The fats of Ursus aretos ean also be 



6 13 C 16:0 (%) 


Fig. 18.81. Carbon isotope eomposition of stearie acid (d 13 C C lg 0 ) versus palmitie acid (d 13 C C 160 ) 
from Crvena Stijena and modern animal samples: wild boar adipose from Middle East samples 
(Gregg et al. 2009), pig adipose tissue (Spangenberg 2006), wild boar from Japan (Lucquin et al. 
2016), pig from the British Isles (Evershed 2008), and pig from Kazakhstan (Outran et al. 2009); 
pig bones (areheologieal and modern C3 diet) and adipose tissue from modern samples from York, 
England (Colonese et al. 2017), and pig samples and wild boar hunted in Franee (Mareh 2013). 
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taken into aeeount, with the advantage that it is 
also an omnivore and that bears have depleted 
isotopie values of 5 I3 C in bone eollagen isotopie 
analy sis, but with the disadvantage that bear must 
have been consumed less than larger herbivores 
or suids. 

Finally, there is anotherpossibility that could 
support the omnivore hypothesis. Could some 
samples of fire struetures at Crvena Stijena be 
contaminated with feeal matter? The presenee of 
feeal matter at the comparable Neanderthal site of 


E1 Salt was discovered first by the presenee of the 
sterols eoprostanol, eholesterol, and eholestanol 
in the natural soil layers fromprofile samples, and 
then, later, of different sterols like eoprostanol, 
eholesterol, eholestanol, and 5P-stigmastanol 
and eoprostanone in new samples and analyses 
associated with extensive excavation and sampling 
of fire struetures and soils (Mareh et al. 2008). 
Drawing on my unpublished data from E1 Salt, 
a plot of d I3 C lg against d l3 C 16 (Fig. 18.83) shows 
that samples from a blackened layer from one 


CJ 

eo 

T—1 

< 


7 1 


6 


5 - 


3 


2 - 


1 - 


-1 


-2 


-3 J 


-4 - 


-5 


-6 




V 


Predominant C3 diet 


inereasing C4 diet 


-40.00 -35.00 -30.00 -25.00 -20.00 

S 13 C 16:0 (7-J 

Fig. 18.82. D 13 C=(d 13 C lg . 0 - d 13 C C 160 ), versus palmitie acid (d 13 C C 16 . 0 ) from Crvena Stijena samples. 
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fire strueture and from a white zone and a ther- 
mo-altered soil from a second strueture coincide 
exactly with the samples eoming from the ash 
layers of layer XXIV in Crvena Stijena, while a 
liehen sample coincides with the blackened layer 
of the big strueture 3 of Crvena Stijena layer XX 
and is near the sterile samples from layer XXIII 
and the rodent hole. A sample from a bird pellet 
from E1 Salt does not coincide with any sample 
from Crvena Stijena. 

We must mention that at E1 Salt, contrary to the 
data obtained at Crvena Stijena, the distribution 
of fatty acids more strongly indicates a Cervidae 
signature than an omnivore one. These surprising 
results could reinforee the “omnivore” hypothesis 
of the origin of the organie matter at Crvena Stije- 
na—the Suidae family also produces feeal matter 
eontaining eoprostanol. It also may open the door 
to one speeies that we so far have not considered, 
humans. However, other omnivorous orearnivo- 
rous speeies that have not yet been studied could 
produce eoprostanol and some of their derivatives, 
like the hyena, whose eoprolites eontain ealeium 
associated with phosphorus, which could also 
explain some elemental signatures observed at 
this site. A third hypothesis is the systematic de- 


struetion by fire of excrement and other natural 
remains in the living area. This could explain the 
assoeiation of fire with organie matter having the 
same isotopie signatures as we have observed. It 
also could be an alternative explanation for the 
assoeiation of feeal matter and fire struetures at 
E1 Salt. Unfortunately the samples from Crvena 
Stijena not preserve the sterol fraetion, and we 
eannot eonfirm the presenee of eoprostanol at 
the site. The rodent hole sample, the only one 
having well and diverse preserved sterols does 
not eontain traees of eoprostanol. 

Afinal possibility is that an unexpected tapho- 
nomie faetor, for example the aneient presenee of 
worms, could have transformed eholesterol into 
eoprostanol and other derivatives, producing the 
isotopie signatures that we have found at both 
sites (fatty acids distribution, sterols, and iso- 
topie values for E1 Salt and only fatty acids and 
isotopie values for Crvena Stijena ) (Bethell et 
al. 1994). In this ease, the taphonomie proeesses 
could explain both situations, the presenee of 
some sterol moleeules at E1 Salt and the isotopie 
eomposition observed at both sites. Regrettably 
the isotopie ehemieal signature of worms has 
not yet been studied, but this could be part of a 
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Fig. 18.83. Carbon isotope eomposition of stearie acid (d 13 C C lg 0 ) versus palmitie acid (d 13 C C 160 ) 
from Grvena Stijena and from E1 Salt fire struetures and natural samples. 
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future project that should include also the study 
of the hones of the extinct fauna found at Crvena 
Stijena to eomplete this study. 

Final Discussion anel Conclusions 

This extensive first study of Crvena Stijena 
samples has tried to ohtain the maximum possihle 
information from two sampled profiles in which 
fire struetures are markedly present. This study 
eontrihutes first at all to the understanding of for- 
mation proeesses of the organie matter in the site. 
However, it eontrihutes also to the understanding 
of the formation proeesses of the different kinds 
of layers and their arehaeologieal meaning, and 
to the reeonstruetion of the formation proeesses 
of the site. The difficulties faced here in reeon- 
strueting Neanderthal hehavior related to fire 
required, first, the eonstruetion of a framework 
to interpret the organization, form, and rhythm 
of fire struetures and, second, the applieation of 
different methods to analyze these struetures, their 
formationproeesses, andtheirpossible funetions. 

Proceeding in this manner, we managed to 
ohserve some regularities in Neanderthal hehav- 
ior related to fire, and the formation of different 
series of fire struetures, recognized at the field as 
ashes that could be the result of fire aetion in the 
anthropie soils and that could eontain residues 
from the aetivities related to fire that Neanderthals 
had practiced. The elemental and mineralogieal 
analyses and the organie matter approaehes reveal 
a great homogeneity in the eonstitution of these 
fire struetures and hring to the fore some aspeets of 
their anthropie and natural formation proeesses. If 
we exclude the taphonomie hypothesis, anthropie 
ornatural, thefire struetures ofCrvena Stijena were 
all related to eooking aetivities as demonstratedby 
the animal values of the lipid isotopie signatures 
and also theirpossihle assignation to omnivores. 
The isotopie signatures vary within a limited range 
and all the samples could refleet the eonsumption 
of only one speeies, or a mixture of two or more 
that must have very similar signatures, elose to 
those that ean be found in samples of present-day 
fauna from the alpine region, or on the plains of 
North Ameriea. 

if this is true, the Neanderthal inhahitants of 
both Crvena Stijena and E1 Salt could have had 
very mueh the same diet, even if the faunal lists 
of these two sites do not mateh exactly. If we 
take into aeeount taphonomie explanations, both 


sites must have followed the same proeesses and 
patterns of organie matter degradation. Even if 
the this first proposition is itself extraordinary, 
the second one is not minor heeause it implies 
that the transformation of organie matter in these 
contexts was the same in these two sites although 
they are separated by thousands of kilometers. In 
either ease, the reeurrent forms and dispositions of 
Neanderthal fire struetures refleet regularities in 
spatial hehavior that imply a soeial eonstruetion 
of these spaees. 

These ehallenging questions open the door to 
future projects that must include the eontinuation 
of experimental work and the resampling of these 
fire struetures when the site will be excavated 
over broader, horizontal exposures in the future. 
New projects must also include the study of other 
living animal speeies, and also, the analysis of the 
bones of extinct speeies which could reveal their 
isotopie fatty acid eomposition. Finally, it will be 
necessary to eompare the distribution of these fire 
struetures indifferentNeanderthal sites in an effort 
to discoverpossible regularities. Meanwhile, this 
first analysis has tried to lay a basis for sueh future 
projects and has opened many unsolved questions 
for in this exciting area of researeh. 
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